
-g^ irT>0 1 1 1 1 i|T i llq -c^ i ri II p 1 1 n i 1 1 fin In 1 1 fi linn qp 1 1 



juiiiiaitiw 



(J-Lt-tTuJ 4 j f rt" 



aww 








^^ ajjLaJI 4JjjJ.I 4-jjLaJI jJ>Ij^=JI Jj-AGJ (J ^§X\ (-Ujjlllj t ^liJI fOjIt'lt LabJI A mi MijJLl ^yt^uJ 
CjL^».jj1J 4-3e_lIJ aLaIaVI ljufc (jGGj CjJj^aJI 3j-" 4r i»j-3_altl 4_il^.t, I j 4-tiflJlj 4_tlalll cJuLIajJI J* mi 
<JJ>jlj-a (jyic Lx3l^ J-»yltJ J "1^— " " jjlsj ■^W'dl J^**- 1 ^ 17" <4- ' . ' ' "****' <jr^' (j-^J-^ ''- )ui> <»-}LJ9 <jjJ (j-a a JjJ 1 nil 
(jjju J 1^1 "it t^jjj-uJI aJl^jJI A \-*-f *.£.} ^_ LaJtS j\j 0" 1 nVI (J^-l £ys (jLajVlj /«JL«JLi tcI i aJj 4_)L-ifu sjJS (jr^-J 

.Li£.Lu-3 Lojl2jJLI JjjJI <_al <^il JLG 4111 

iajLalUI 4-JjjJI ujjLjtlll x_a Jj-dJJ 4-uLsol ajlaj. w-ALUI jjjlajj p^-i t^all <LaL»JI Sjl^VI Cdaj. JiJ9j 

Sj_i^=jJI J!Uj i^JJI SjjLaJI S-jJ^Jtl JJjL«II jIJlcJ fjj_<i^a 4- fljVr>tl <?JlA cJlaJ J^J i <G\ AU~ a (jr JlI 
(3j-<-u JIUj Ajuuajua^l (jL>J J^^~ ' "'"' (jr^- L^^ ^-J-^^' JlaIaj jl (Lujjjlll *_alj-JI *l_b IL. 4.lluLiVI 
(_£Jl!I ^La-til *Jsl_ail *-a ixaJLtll SjJj-JI Jj^Ijjj d^-pj ^'igU <_<jjJuJIj ^,'irttl /*uJLtliI LaLtll 4 mimJ-Uj J-aJ«JI 
j"i^— it (jr LJjJi3 w_alJ^<J iLLal^-ila ajJa-b AjL^lII ^_ (jLstUI <>Ju4> r-jjjejj (JjUlII 33-" i ~ j ' jl^ 1 " a 4-iisjjJj 
.4_u_uL_u2l 4j1 jlW*ia Jj_uL>o ^_ AjjlsIj j'l^-ijj ((JjjjlII 3j-^ 1^1 '<-ntl 

4 jiiV*itl CjLlL^=JJ r^LUJl L^a-uL^ai-La (<u-oJ9 ^jjtll Jjt mi"< 4_tl53 4_ujjJuJI A ±jlL>A\ oliJt, (JjLZuj 

■ (j^i^Vitl I jijj Laj^UI CjIjL^II uj! in'i^-il ^.ij^-i JjLuJ AJa^p- Cj Lc jjis j^s 

j^l 4JL1I jj^a (J^aG 4_ujjJaJI 4 jjii-stl oJJt ti-LjJiJ LTV f »^>* (jr^i ^-ALlll jJjIaJJ ^j i^i't 4^aL«JI ajl J^/lj 
1 Jl-i 2 »" 1 1 ^^a jJLrvj ''-"■■•■'" < ijl 1 11L1 <4^aj^UI ^jjjjj iJaJI CjljL^il (J-llo G ^_ ^.jIuLl>s J^— > ■"■ ) p j ■ ■■" jjl i^>-^ 

.cjIjI^JLI o'jjt, 1—1I )n"i^-»l 4-JLm /<uijj ^pJI Jl^-i mi VI j cjUjjtVitLi 4JL»l^VLij 

(-.t-i j eja » J a mi 4J| t^Liisjjj 4- ir« .j U l(ji a ^jjjjii" miUj Lbjljiill (jyic. jj-^-a-jL^' c3^J^ O' (J'-^"- 1 *^'j 

.^jJI 



w_(iLiJLl j^alajj < J 1 Laalll A^sLaJI BjI^VI 






IL. Ijjj^ 1 — Ijj LaJ J g Mil j .d-JjLsJI (^1 I^aJI rLjJ^/l '£— 4-oLjJI CjLJUjlII (jjfl (j^mi Jfi-iuJ CiLUr j-£li3 

■x La i u| <Lajj<jj <4-JLc- jL»j| 4J2jJ (Jjj-ajJJ ^jjfj.^3 (jjL»JLl Jj* nil (jl .L^jLjtlla ej^ai.j 1 j"^-*-l"*ijj LgjLj si '-^"al 

(jlj4jJ ^ (2j^kJI ol Jl>JI ) AJjlui^a <_JljJ9 4- e-il J^*Jlj AjLojJI A^aL-uJta .AjJJulU »UrtH (_Jc.V Sj-L^a 

/<uj I jjj j La-SJI ajjJu-a ^-iJ-23 (jyic- (Jj ' »a *- SI ^j^a (jl *^— i ) V j »j 'j^~- ?- La ■ u f <Lajj<j "^J ^^ -iL«-J ' 4j9-i 

( . < jt— t )""itl *-^-lj_U <j-iaj«-J 4r (j- 3 "-*^' Ji* '"'"' (jr^ 1 (3^ "J I J^J .LiUj Jjjri -*-"<! Jjt mi" ClLi Ly* ] «.jj*UI 

f^jjt.^ ' uJa-cuHl LdLc. a JlJt" i nl 7c_lL>iJJ i La i •■ ^~~*_J i—JlJJ ^Jj_dJj 4_La|jj>. £ya 4J9jJa (j 2 ■ ^— ljjI ^3l-uI 

.SjI j^»JIj a^sLll-JI ^j cPj'^' Jj^-" 5 ?'"^ 3>^ ^^ lSJ^Ij <-jjIViU J-«j<JI JU^->I 

*s_s (JjX I ^j-uJl^-j Jl <L_uL>JI Q<i i ii^ JJ9j .4 nii-stl <>Ju4> CjLjjIsta (-jj^sjji (jy jfc (j^Liil (J-l« i"i" Cil jl of 

L^ls /«j <LuLjJI «jl>._jJIj i Jjt mi" II ^j-^ 3 dy 3 ^dj-^ 3 (J^ 3 o -"**"'' L^J^i (j.sL«Jtl Jji u,i" cjLu-uL-uI <JjI-<3 I j/ a 

: (jr L I i^~- (J j i .a a ! I (j^a JJtC Jl 2 Jl>-j <J^= O-q-i »3 I o ^-— <|. I ^-— !l J^ ua2ul\ J iAllLJeJU Jjt iVitl 3j-^ (Jj^-" 

(jjL»i,l (J-l« mi" cjL.iduLdul t^yJjVI «Jl>-^JI 

*_La_2JI i_3jjJi :<Jj^l J i^intl 
« LauSJI <Uj_LaJ t^LjJI J t^a-aJI 
jlaSJICiljjTtvUlill JuanJI 



' t-SZlli : :(_^o>sL>JI (J L^Ld II 

OsIjJkJI tjJJ/jL^oJI J Ir^llltl 

^j^ojjI : jt_ jl i ii ll (J LaAJI 

jcjJLjtlll t^jjoliiJI J i^-iiitl 



t^^ Ls JjLjjj Jji^i'^ ajujI JLi Mg jTcv j Jj^l 2 Jl^^JI (jLa 3-ii Jj '^"Vmj 






A-uLl^sj i « LaJLJl CjL^=j^*-j t 4 iil"AeJU Jjt mi"! I jjj^aj c^jLiil Jjt mi" i **j «" (j£. OJljsjj (Jj^ J ^a-aJI 

I jufc (JjLljj I -i^-— .JjjJjjJIj iJl dhH^ *J_2> J ^ 5 J SjJjjJU 2jIj^>JIj i <L>JLl!I (_pijljJI pl^oJIj t » LaJli I cjjJu*. 

.a.i_av>JI ^,^1 OjJlhj ^-LbVI a-LLSJI JlsJI (Jj^-m <-lU Jl^= Ji^irttl 

« La 2 ! I (j -T*J AjJljlIII <U1j_i_uJ ' « La-SJI <Lc.j_i_u (jyjfcj » U.5tl i_3j)j_li jLll>-I 4_lJ_l^= (JjLlLlS (jyJLjJI J »^Atl Lai 

■CjVa.<-ifu.U 2 -i^»-J 4iil^-i"1lj £ 4-l»-LjJ^M (jr JLl Lg-La <_L^= j-jj Lj j 

(JjLlJj I i^~- Lj '' a » LuaJ (_pJI -iljJUj £ LkLljjj ( I Ji^-~ 'j" 'LtS 7-j-iiiJJ » LaJllI Cj lj.il (JjLuj <«1JLjJI J .^.Atlj 

.CjIjjVI j-«i£. uj! i n"*t 4-ul i .I-*- <Uiuj| j_i3jj *_a Lkj-<i£.j CjIjJ^I i—oJj Liajl 

<Llo-l^=j I fcilg S^3j\il (J^oIjjlIIj ( Lfljl i n~>- 4_uLl^=j ( Ljjl j^~-j " -SJ^kJJ « LaJllI t£oJ9 (JjLjjj f-jlj-JI J ' <a a ! I j 

.*_LaJi]| ajjJS i_il i ii^- 

3j-^3 Jl>.| Lj-La J ua£ (J^= (JjLtJJ (Jj i <a£ <L<_)jl (jy^ L^J-^' 1 -'^ (j-iLtU (J J ♦ u,i" 3j-^ 4_uL\JI a Jl>-jJI Lai 

A-ul i ii-v. iiilalj aJL^Io (J^= <4- P "Ji]| (j-«j JjJlJ>oj ( L^jLoI JiitL-ulj t L^cljJIj ( L^laX AjjJaJ tt—llojj 

.*_LaJiJI sjJSj (l^O J>JJ^tJ-I 

l_£j_kiiJI *j-^>-II 4r L* ^j-^ '" (*JJ AjjJaj CjLjjJlJ i_*JLLa> <LujjJuJI A iyi~*\\ oJJt Jij i<a£ (j-a (Jjua£ <J^= ^W^ 4r-J 




-g^'igip ll 1 1 ijt'i llq -c^'in li p il n'i 1 1 tin In II niiinir|oll 






J^oiji-tUJ 



<Lajj<_)j jLij^I 4j3.} (j^( CjLJSjjj-LaJJj CjL^jjj i ii U i . i an ~n~ 2— L^jjjjjiaJ (JJLslU Jjt t"~\ 4jq frl tt tiajj 
4-u-uJiijJI « La2JI £-J-«^>>J CjLtLwl Jj^ui'tj ( 4j mJUyJI «Ja2JI <j-a S.jlUtJ *LgJU AjjLl! tjLlajV ?da_i_u^M 

. Lk_J_tCJ A I Q LaJ I ( 4 -»■ i >. I I ( SjM lull Lilj^ta t(Jlu3 /—iL^J /J-JJ-I (J^O-l^oU 

CjL^=j^>JIj iatiitJLl 4J9jla I Ojusjj (j-sL*il (J-Lt-iTuTLi L-ajj-tlJI SjL»-_aJI ojufc <j-a Jj^M J'->*N IL. /<uj 

ajljj>- ^^ JlIjjJ Laj <_p^'j Lh* J 1 -^ ^° J g t-irttl CjjJl>- 4 jiij^->j i$J^- * ' O^ 1 4 -^d>k > J^ 13 j-^ - 1 Cr^' 

.JjJjlJIj Jj>-<Il!I j-i£. UTJJU '""^ lLLlI^VIj sl-i^/l J-aC- (jr^ L&>-ul-JJ 

/oJLtJj t _,^— 1 1 4-ajLa-"i i ii U *_LaJi]l CjIjjIj *_LaJi]l i—Sjjjii r"J-" {*-*i^ tt-JLjJIj ^jLjJI (j~* ' '-""iN 4r ^°' 
4-ai^= lJJ SjLld-d »-i^>- ?-« ^t!^^ 1 ^f^^l J^"-" ^j-a-^aj <_jJ-JI CjIjjVIj i_3jj_laJI jLll>-I (j-oj-ul ujjJlIII 

(j^a LJ Li L^tig S^3J-U (J^oIjjlIIj L^jI i h~>- 4_uLl^=j « La-SJ I ^J-^J i— ojjjljJI (JjLlJ /<uj f-^J-J' J ua-aJI £_ j 
j"'^~~ »l (J-LLoLflj 4-u.a-tJ I 4_i_uL>JI ■ U» »" i -^ (_)ita ^>-t£. jL>iJl-i )>_niy \^X I (JjLjj /«J 4 uJL>JI oJJb Jj ' ^** a ^- 



.^uii jjj Mil 3>u j^= 4- sjuji • j^»ji £* 4JLJL2J1 irti^-i-.ti j ij».i2iyi 

. J-LiLifulII ^J-^ 3 H^l (jr^ 1 <^-tJL^ail l -^J Jt ^ U' * 
.2 jjjlil SjIj^kJIj TpLill (jSuljJI A-tfl^Jj « La2j| 4jUr (^JLl (_JLLaJI i_3jjuj (jf * 

.j»l jl^I^VI ^ L>JU!I ( M".tl £J$Jtj jJaUl oljjf ^ c_JLk!l l^jjlLi jl * 

.aJUaJI cjLujjilil cjLcL-u cm 
j 3d£L4l JjU^J I 

: 3jlJL*JluLllai« 

^ ) Y 4jun intj 4-ijJ ) JjjL-oJI l—JLLalXI CjIjL^o J J A^LbJ sj^a JjV CjljLgll f-J^ (^Ic ^-SjJ^' U>j 

.( l1Ll« 






(jjutil Jj^J 3 1 _i T A Vi i nl^aJ l(jia 0^" *^'j] J-f^ ^j' 4_uJm_a 4 l"^-> J^—i i"i j-u-*3 jjfc (jjLtil Jjt ( "n 

.(jouljJI u a i uJ aj-Lt.LO *-LaJ2 ^H-* (jr^ 1 

{JdLi&IJI 3>k£liJhY- ^ 

drilling , ^,t | milling j^h^I turning iUlj^Jl 

shaping ^j^i grinding j^MI sawing J ,*;ti 

boring ^ui lJu^I broaching , ^...-.ti 

planning , u,^t l 

• (_yJ-> Lq-l3 ufei La> ^j^-— » i ' < il 1 1 n V Ij * *^~ » i- c -3-<J o-^'-*-U u i* '"'" , tiL?-^ f"3"""* 

3jis ' ; ■ 1 tali SjjluJtl vd VI CjIJ Sj.^-.tl . La2JLa i « LaJill 4-u.ujJjJI Jl^U ,*:,VI c^J3 • 

J'^'" »j i ■ *— » 1 1 aLxj>-2|j Lbjjj_a3 (J ' ia^ ' Sj '♦ ' aJI AL^t^^LS i » la 2 II aLxj>.| ^9-2 * 

<LlL>.|jJI ?c La i "VI j ttJLvjj ilajjso < jj-d3 A_l>.jL>JI -»■ La ■ u jM a t Jjt mi'iII *_iislj^a i_a}tjj>.l • 

.0 jjii m ^_ jjj-ajJI aI JiitL-ul J i >i hC°[ i_JljJi]l j-i>- Lai ujj-cujj i . i Sjj 
e.i^>JI i_JLLa^a Cjlj Cj^UlAII J* ifqj (jr ^=JLa tge-La^u VI iLa^jj 4J3jJ| Cj[jjlm.a JJuu • 
LuLs «J_a^>JI CjLALala ciolj U1^=J t A.uljJiL^VI jjj_ol!1j ilalj^JJI AjiitL_uJ 4 i^iivn,! 
J £ , .*-, 1 1 j ^.lUcTl! I dlLJ aX /<u 4_L±jIa^iuJI j_jj_ajj|j 5lalj^>JI dlLJ aX aJlst" i n'< 

C~'~ J-.'^ L " tl £^-"V'j ge-Lal!lj /<uj (jj/j^JI 4_JU* IL. SjLLaULj rLliVLa <rLlJVI '"'^0^- f><J • 

.4_uaL>. j±j-£ CjVLi j I <Lal_c Cj V|_i jj^-fljJLi 






j tcjLsIlJI Cj^Mj t (-.t-LSliiJllj <jjlj_iJlj i Jajlitil (JlLa (j_iLtU Jjt ifuj Cj^I (j^a xjuu^ja ^\ jJLJkj "^ 
«Ja2JI cJjJlita rLjJl jl <Cj|jmi,lj Cj^^M dlj-^-l iJLu-aj 'J^-f*-^ J-laS rljjl L ys\j2. s ^ L^>-<^. 

:a_JLlII o^UJI 'i- o^UI J .; ,V» oLal jl^J j_^ g^-tqjj 

.aISjJJI jl e.il Ju»JI jl 4^=LiJLl 4j»Ila LJjl Jj^= <j-a ifjL^J *JaJ3 rAlJj • 
4-ilajJI c_Jlj2JLi Otllll (j^ii-VL j CaStingS ClL^ajj^Jll (^ujjLH aJLc £9.5 (i^-J • 

.(ijjiu^ c_JIj2j ) Sj^Jl a jl j^JLi i*iui forgings olSj^laJLI j 
.jljlji sjij^ii JL*,ui 

fl.il J^JIj i^=L^aJI a^-iq" V Vl^p. CllSj^lail j Cll£ 3 JW..U IL- Sjji.MI C_Jj2iJI ^li] • 

.fl.il Ju»JI 4- (juj^-itl jl Ji>IaJI ^^J- 3 - t>\^\ £f JuaLtJj < _pJ1 (JujL*j]lj <__s_9_SiLH rLlJl • 

Cutting Motions gkdll utf>* 5 i - 

(jl uaJ 4_ajQ5ta CjLc^ i n ) fljji^ta i ** > I ^— >j *- i (j^a|jJLa jL-La-uJ 4 Li i*iillj «_La2JI fll.il (j^a j^^ 3 ^3^ Cr < - J - >i i 

■ 4J j I Vl U * Vlritl 4 jl pr CjjJl*. 
« LaJllI (j-a-g ilajjLa ^^— j^j 4jJl*1JI ^^— j^ t«-ta2JI ^^— j^ t^^ fl i j i a 2 1 , 1 dsL^=j^>JI 
.Cj^IUI CjL^=j^>JI TclisjJ (j| \<j'i £ — i OJ 4JSj Vi a j 4_L»-I 4 U i nljj 4_uJm_a 4 t V-i<^ £-LflJjl ( _j^5L2Jl 4 A or (jl 
*- la i u ^j" i n a (j£. Cj KH-La-tLa 4^1 , a\ 4_L>-VI (jl^_il ^j_t£. » U» 2 1 1 /^aX Ja-ijLa /«Ib (I. i-i) J^~* '*"'' (_y^ 
l(j '^j-g. 4 rtViia (Jlj3 i^P" ' l^jlr |jj-^' J- 8 f*L»VI Jl 4-L»- 2I lILj^cjj * Viritl 4^=j^>. JlO-U /<u 4JLJa2JI 
4^3j^>. j j ii n (_ a j i 4 U Mill (j-a j^>-l *j^>- ^-Jlji <j-° (j^~i o'lij .4 U ("ill (Jjla j-A LJjlaj 4_L>- ^(1 ;J^>j^. jjfc 
4- 4jJl*j]|j « La^JI (^j ^— j a. jIj^slIi .L^isjX. jljtiaJ (>La_i]l J I 4_t3-VI lLL^jso IL. SJ!l»TlUj 4jJl«j]| 
jJb Cj\ i^-i t,\— i (J-ti )""itl (jl .4 tt-iiitl f-Lojjl ( _j^5LaJl j-ifcj <— i j LtaJL I J j ii i" (j^— i oj < JJi^ta «_La^ (Jji£. -i>>-j 

.^>Lcl c Jj ^=i (^1 o>LiJI oL^j^JL! Jl J^AIS 



yIj5flSJb->JI 



4jP-i 



gLIil LioJLi^ 




(->" .' * " '"^ I ^j'j 



.*JaJ3 



iljia^j ilvL « LaJill JuAIS :( ) -\ ) J^=lAII 

Cutting motion giasii 4£ap» : \ . 1 . \ 
: j>u. work piece niAi\ <jju«-a ^ iiL iiljV i^j^^l i^=pJi ^ 

ilalj^JJI 4- U-^= SliJui! SJl^Ij ajjji 

j^j^UI 4- U^= tool S|jSU Sjl^Ij Sjjj 

TtkHI 4- L*^= Sb>U JLxlj jl>Aa 
■ (-irt'itl 4- 1 o^-> ujLSiuJJ a Jl>.|j ajjji 

Feed motion^jj^l <£*j*. : Y . 1 . \ 

-S$»-.3J ^JuuJJ "ejuslxjua aJIjI CjjJl*. 4- S"^-"^ (jr^'j ^JUtAllj eljVI (jrU ^=>>JI (jr* 

4jjj«JI 7t Vim (jr Ll Cc-iTlU aIsIjJkJI (<JS L$j A^Sj iLlj^JI 4- * J <T'uia 4-a-Lflli.u.a 4^=jj>- <_^-4>J 

I 4 U Mill Lgj (*5-53j S <ijrt" 1 na jjpjJI 4-J ' fcia.il I J lLs iqi^aJI 4- °J 0" 1 u a j-t£- 4 ojiVi 1 u a (jyjfcj 

.(c_.L2iai) SbVl L^^c^l ^ j <aJ^| SJl^uLs 

Setting the cutting depth motion^kail j*^ , Uy r> i^=j^ :V . £ . \ 

fJnTiW jljJLa JjJl^cII 1 oflinaMj SViii't (j_a *ljJL)l SlLfall ji 2lj>U Jl jl i^jJJ cibpo ^^jii 
ifoJI CjLj *_a /<JL5JI tiJpKj aIsIj^kJI 4- J .-iJl^Jtl *_La-2JI jlj Mil a Ju»-lj aj_a juLu i^ap. (jr-^J 
ifuillj i_lS11I 4- W .SljVI CjLj *_a AJJLAll l£1jjbjj yeJolllj 1V1 mi^-iIIj 7t-iJLjelIlj jjj-fllll 4- 

.a^=j^>J| <>jui> I -1 j; J^-jj ^ ^LlILij « LaJill (jqf j ^ JlJ> -^ j-* *l-iVl jLll>.I 
.(jjUIl Jjiu,i" oLUr p^y 4- g-k^H ^L^j- 11 - j-^j^ (Y . ^ ) J^-i Mill 



yIj5flSJb->}l 



4jP-i 



gLIil LioJLi^ 



fe i 



^ •» 




ytj'tflSjb-jJI 



4jP-i 



gLIil LioJLi^ 



The cutting process jkaJlliLUfijo^ 
Formation of chips (£»U^!) o^ljJl q^s : \. o. > 

(JJulJLI *j-^>-I CjJuso i 4 It i"itl (JJulI ( -iJi^ta * ]nO\ (J-a-C (jy^C- 1 (j Vi j i ^ («-! <jP-!l t » Uiitl 3 1 _S T <L_u^a}La Jtlc 
mJ Jl*jj x_LsL2J| Ju>JI JaJLca jLoju j ( /«_il J J^~* '"'"' aj-iIul-La 4-t-uj ( (jj-« J^"""* '"'"' ?-* 3 '-2-I' J^^-LI ^j^i^a^UI 
^ a i n < i£j" i n a ^_ .j^» **l CjjJl>- IJljJ /«3 (j-^J 4 It ("ill (JJulX (_>^^2 4_ajULa /ylcl aJJ_ajJJ ^j^» **l '"'' " j - *- 1 
( Jjj) <Ujlj_) (jr^iritl ^j" i n a (Jj-cJ .(jIuljJI j-4> (jjutil (j-o *j->- (Jl i^iiiil (jr^>- J a " ' "JJ (j^rttl Mgj" i u a 
slj^l JaJLLa jj ^-— "_' (jouljJ! JL^a-aJL) .4 U Mill sjLa foJ (j^J alj^L) i_3j^>JI 4jjlj ( _ ;r Li Lfcjl jJLa Jl^l<j 
.Sj-aJ-<-u-a aJIjI CjJuso ^IjJLjj Jl ua^j^l jj ^-i"'JJ a JjJl»- 4Jil-wa ( _ ;r Ll 
. Sit mi 1 1 <jJut-a Sj^Lua (j^a (jyicl xlaLill Jlj»JI lO^Lus j>J^~" '"' O' 'jJaiJI jlj a" i n I J CjjJlj>J lLs^" miJ 

.* liiitl 4 Jar J-^JJ (Y . ^ ) J^-i Mill 




gJaill 4_JUil :(Y . )) J^uUI 



<_hJjJI ^Ijjt : Y . . > 

aJJuLLa *_^-lj_t, L»jj J^-JJ .(y) i— ^J-^-" ^di'jj £-laJi]l <Lcj_i_u j 4 It ("it I ajLi L»jj (_pijljJI f-lj-il ' flJoJo 

: ^yli La-L2 ufej Laa ^j^-— » i ) ( (_p"-> |j-J I (j-a p '^J- 1 ' 43^13 

.Continuous chip j „-, , „ » j£\j 3 Shear chip ^^ j£\j Broken chip oiiia j£\j 

.(jSuljJI £|$i? £ju»jj (I- OJ^slAII 



yljVlSjb-jJI 




< i_3j^ AJjIj 







°0 >L-3j^ 4Jj!j 



gLIJj LSoJLS^i 







■ 4 U i"ill (jJu*-a (j£. (_pijljJL! jj ^— i" a (Jl i^ni u jLjI -Sj^>-J aJu«J lIUjl^sj x_LaJi]l «.l_ul CjljljJL&l 



( _ ;r ic. » Virttl <J-«-c.j 4jjuil!l ic.j_i.uj % aLLaXI *di'j J^H" ,P'J o-^b-" -}L*->! j-^jj (°~ J^-i m'H 

4_iJl*jJ| 4_£j__u (_gjl i n y ll (_p_llj_tl i ( l qi ii ( Sj---> ^j-a A (_p_l|j_!l *_LaJLa 4_>-l i na i_mi>j .(_jl_i|jjl ^J-— i ■"■ 

.( Q » Virttl (Jjj-C Wd>*" l£i^ ' "J ) D i>"^LP' O^J^ 'At ( I 

A = b . h = d . f [mm 2 ] ^i 



yIjVlSJb->JI 






Sjaj LSoJLS^ 




,ed_fj[_ 




.(>5ljJI jLuI:(0. ^ J^-,,t,tl 



Built-up edge ^UVl^QlJb^ hi.) 

(^JLa^/l xJoLill Ju»JI tj-u Cjj lojoIj AJt-cJI <jJu*-<a (j^a <zAjl^Ju\ IjjlJllo AjtlaJa jjfc £-Li^^M *-loLaJI Ju»JI 
"1 *'^yi pJaLaJI Ju»JL) «Ja2JI j-*l*-uJ .^rJLs^l *-LLi!l Ju»JI (j-a "^JlJ <JJuJ.I «JaS 4j z^Ijj iliAII (jJut-«J 
oJufc ^_ Jjt i"i"tl i-iJpj .* V>7)\\ jj^a ijoLLlI ajlj^>JI -S^»-J 4r f kStl ^jjS j_uG C^>o 3J-*- 1 ^ *— ' bjLj>l d (jr^* - 

A 1 1^ I -^ t"< l , ,.l ^ A A a I g , ,.\ I I / , ..-^ I -»■ L«> , ,. ^JL^OI 

.Ij-ULLO i_3>>- 4£glj ^1^ f-k»JS aljlf ■> I jLgelml • 
.JjjjJ^jj ^^>P (JJ^ g-Ia^JI • 

4_iic. t_*3pJ La i— d>.j j ^-Liis^fl x-LsLaJI Jlj>JI (jj^=i3 j»JlC (j^a-L^aJiJ LiUj * LaJiJI i_3jjJs i_£jLaj <_<--vj I jjj 



ytj'tflSjb-jJI 



4jP-i 



gLIil l&ul&w 



developed heat 3JJ>m 3jIj^b1 ( $ v . > 

JjIUI JJ^iJIj sbVl ^U,.m j3LJ! (ji^ljJI .'\\£-."~\ t iUj L ^=j 4U,t,tL ^Ust l sbl .<n^-,^V ^^ 

tsj^jj (V J^-iMitl .Lfcj-uLj J^LLla <jr^ 4"(* AO ♦ < «JLu iflLc Sjlj_»- JlIjjJ < xJclIII IuAjj 4- 

.*-laJi]| Sljij (jjuljJI t^JLLaJI 



T 1 M 

| - 7 j v , ■ T ?h!p HE ^ 

- o 1 ~~~ ^=^= 
,-z =.- . j - ■■=__ = 1 ■ 
















to the xss m 


* TOOL 










.SjJjiXI SjIj^kJI £)j3 :(V . J^iAtl 


.^jIj^kJI j3QJI jLLia :(11) J^=u5JI 



j Lb ^uA J i J i_LajjJI aj"i^— > alj^fl j-«-C <_>-a-2-i (jylc- ( - r H>^ J .SljVI J-4-C (jjfl (j <i S ( J Lj-4 liJl^— i"->-2l 
(_>-a2J ^^uu l1L!Jl^= .4_o*LjjVI i ajtjLa (_£? *. UeiW ^l^-itl <>a)JI SjiLjj <-^-ta (^J-»J • A-»jim t£ji».f ( ; 'jf—ij^ 
(.■k-As^jl\ J^aLc 4-al^3 " J^j^JlJ rLlJ^I 4-il^=iJ ^ Jj^j Lj_4 JlsbjjJI ajLcl CjLUf ^j"'^— teljVI j-*C 

(J-q-reTiJ » '-"■<* -^'3- a J JJ f*- 1 ti-LlJ^=_5 ■ JjjJviJla ^L>r~ < a ^ L=r " ' " j sjJ^iil 2jl^_>JI Cj|j_uG A^>-I_ji 

(j «!<>>"< (^LlILij Ct-J-LLi-u^lj (jjj^JI JJpJ (_^MjJ LlLualj-u_Jlj Cjlji^uj^aJI J!us LJLslJI 5jIj^>JI 
4j jiij CjLcj_i-u i <lft^— j /<UllJ ?cla ■■■ L ^£L Jj.-^^-tl 4_ ^L-uVI jj^-— "' ' aJLc « LaJ3 CliLcj uij J-lLcuIII 

.«_La2JI (j-«j (J-iiSll (jj/Lj/ VI (jj^~»"< <4»-!Lc 
4-l>iJ^JI (j I o liaJ (jujjjjis ^jLLsj-ilu ( 4_uL*jl SjI^jsJI (J-q-reTiJ *_La3 ajLaj (^jJJjJIj JlJ_j_l1II a I Jua-" i nl (jl 






Cooling and lubrication ^jlJIjijjaJI jA.> 

JjjJjJllu J i a-Sj j. x-LaJaJI 4_^La-La (_y-Lc *La ' _ ' ""' J ."* ( -£J-Jij SjJ^l'J,! Sjl^j>JI i.itmi Jjj-lLJLi J i ^--^ ) 
.OJJ_> * Viritl 4 iiViia (jlij 4 It 1 nl^j dJl^— Ti-v^M (JjJ-23 j-tC l^-^-"^' 7r Vt 1 11 (jr^C. <_P^|>^ uLuliI jiiii>i 

.StVirttl J^Lt-JiTL! }LJJ9 Lla.j ^lil^-Tilt >LJL2j t J-lL<!u1!I 4- 5 A9^ t3^**'' <S^ -Sbzl j-*£. 

.4_l!1_C sjIj^kJ I j 1 a j «" 

jisl l^aJj ^Urtti 2jlj^»o Upti ^j^i Uj^wj ( Mineral oils ) ^juJ.1 ojjjJI • 

JlJ^-u (j_J^-> L«-ilj (Jjl i"i s jJbjj\J£ 1 (Jj + i"i"ll i_3j)j_kiJj 4 It ("ill (JJulX Lt-u Jjjj^jjlj JlJ^_uJI a\ Jltt" i nl *£a 

■» U /1 11 i_3j)jJi Ct£.j_u I j ^ JjjjJ3j Ju^jli JjjswJ *_a LijI_1 (Jjl i"i < 4_)L3 ' JL aaJl Lai 'j '.'^~* ,* |j '1 / *_J 

->lj-« 7c_iisjj (T . W (JjJl^>JI .J ji iVitl AJL^la (. 1 1 11 ~>- JjjJjjJIj bjL ihP-^ lP^-"-" Jj^^ (J^**-* 'F- IL ^3* \^-\ ) <JjJ^>JI 
■ Jjiu,i"tl a-Sjjiaj 2l J^/l 2 AjU J 4U Mill SjLa <4j£^oJ (. mi->- Lj.a I JlJcTll-u I J JjjJjlJIj "^dJ-f-^' 



yIj5flSJb->JI 



4jP-i 



gLIil LioJLi^ 



jjjJjilJIj Jlj^jjJI (JjL-u Jj^jj (J-)-*-* 3 



.J ■ ♦ ,"■" T i j^ijU 



iLtaji / ji! \YY 
iLtaj / j-_! W* 
i2A>/_>il YYV 



4 Llj^J! 

j^JLa YO ilaJij 
^ia VO j-La-Li 



4JLjJa.. / j_lJ ^ *V 

iajSj / Jjl YYV 

4_a_iJ9_l / Jjl S\ — A 



jO^a YO jU)ii 



ILiSj / jl! VI 

J! dU-a (j_a /oJLa / jll \V0 



)l aJa-uul tc_lL>iJ 



l-f>=^ Jt^N t}^ 



Jj* i"il _laj_^u / j__! YA 
*_L__3JI jlj_J-« (Jjls X j\j^ujji I jltl * ,£o 



( j ^-l-L ^ ) C 



J-^» 



j / 4-L£.> /jH U 






.jjjjill j j>j>-<-JI ^l>« Jj^-^ J-^*-* : - ^) Jj^ 1 ^' 



yIj5fl3Jb->}l 



4jP-i 



gLIil LioJLi^ 



ikljjjl 


Jd^' 


c^l 


SiiuUI SjiLa 




^^= 




J#j£° 




JLUJ^= 


HDO-S 


GPO- 
S 


HDO-S 


GPO- 
S 


HDO-S 


GPO- 
S 


- ^^^, 


HDS 


GPS 


HDS 


GPS 


HDS 


GPS 


t3 \±»^ 


HDAC 


HDAC 


HDAC 


HDAC 


HDAC 


HDAC 


(jj-WJ-^ 3 S-*^ 3 


HDO-S 


GPO- 
S 


HDO-S 


GPO- 
S 


HDO-S 


GPO- 
S 


Ljljl Willi (_PLc. (_JLa 


HDS 


HDS 


HDS 


HDS 


HDS 


HDS 


I j i^-ilt ajLLo t_JLa 


GPO-S 


GPS 


GPO-S 


GPS 


GPO-S 


GPS 


^jJLja* 
















HDO- 
NS 


GPO- 
NS 


HDO- 
NS 


GPO- 
NS 


HDO- 
NS 


GPO- 
NS 


dJL3^=JI tj^-ijitl 


GPO- 
NS 


GPO- 
NS 


GPO- 
NS 


GPO- 
NS 


GPO- 
NS 


GPO- 
NS 


f3 _^U^L^ 


GPO- 
NS 


GPO- 
NS 


GPO- 
NS 


GPO- 
NS 


GPON- 
NS 


GPO- 
NS 


A^J_lJj3^jl l£L)I J 1 II 


HDO- 
NS 


GPO- 
NS 


HDO- 
NS 


GPO- 
NS 


HDO- 
NS 


GPO- 
NS 


(jj/Lso lILjLjj-u 


HDS 


HDS 


HDS 


HDS 


HDS 


HDS 


'LajLira l£LiI i i ii 
















HDAC 


HDAC 


HDAC 


HDAC 


HDAC 


HDAC 


<Mi-i,„>LJl 


GPS 


GPS 


GPS 


GPS 


GPS 


GPS 






». (JjJjjJI -ilj-« i. 



:(Y- OJjjl>JI 



ytj'tflSjb-jJI 



4jP-i 



gLIil LioJLi^ 



•/y-L> I 1^~~* 3-A J^l I n ll (JjJlJsJL) »jj ^— > Jul I JjjJjjJl -i'^-a '" _1 ' " " J LMi-flJ 



GPO General purpose mineral oil 



HDO Heavy duty mineral oil 



GPS General purpose soluble oil 



HDS Heavy duty soluble oil 

GPAC General purpose aqueous coolant 

iiMj^' Cp^ C^L« ■>>** 

HDAC Heavy duty aqueous coolant 
2 j |j^>J Li j3 Gj 

S Staining 

SjIj^JLjjjLu V 
NS Non- staining 



S^y^a-uL^a-dl (.(jUiVitl 1 (Jaj| 4-ik. J^LLaJ ^^ £""^JJ .(j- 3 ^' J^t-ju i_3j^l ( ^ 

.<jjL*X! Jji Mii oUI jLki^l j^=i! (Y 
.^j^-^IjJIj LJalaJI aIsIjJkJI IL. « LaJllI dI^b j^ /«jj/jJLi 7=-xi5j (i 

■(j Vij-sU jjj-ajJIj ^(j-^-ljJI jj^ojJI 2— x_LaJi]l CjLs=j^>- /<u-ujJLi 7=-<-^J (0 

.«JalJI 4- g- krttl CjL^=j_». J-^J O 

v_^ ' _9 ' ' ^ji^iJ I 9 /— seJa-cjJI tc-lLsejJI ^- » la 2 1 1 i ** > I * r — >< a» rg i ifj-JLi 7t-ii5_J (V 

■1— x2ul\ 2— * Viiitl CjL^=j_». /<u-uj-!L) 7=-<-^J (A 

.^£Mj3 j\ Miiaj (^^lajja jl Miia t (jr Laj^-iu jl i"ii<u j mi ill ^_ > V-» rrtl CjL^3j->- /<u-uj-?L) ^-^J \S 

.<>j-ujl\-S ?e_LLa aHll *_a » la 2 J ' 4_JLa-C ?"j-ilul O * 

SfaJ <_L4= jj^"' <_3«jJe (_3-4 La < 5 ( _ ) ijljJI pl^Jl (jrA La ( \ \ 

SliUj SJ.AirtU <jijlj-!l fjj jjj> La (^ Y 

5. UStl ^Ijjj SjJjllI SjIj^kJI 4^-wlj^a /<uj ■ : '^^-— ( \ V 

.4-Lu»VI j-LLSJI j^»JI l^, (U 
■Jj«u,i"tl aJL«x. 4- ^LhH^J % li^VI *-IaL2JI ju»JI (jj^-»"< e-fljjio j-^j ° 






( ) .4_JL«JI Ljl>.jj U Lut-ixLaJI CjjjjJI .aljiitli-ul Jjiiij (1 

( ) Jl dh^' a»lii^— > J-Sj-J JjJjlJIj JlJ^jIJI JjL-J Oj? r^-itl <-fll i>ij (^ 

4f».l2iyi C^lj Ul^-, Sjlj^dJ gjalijl J^JI oLa OsjLla C^lJjjI LJ^= fe 

.* Virttl (_gji£.j AjJlsuJIj * La-SJl CjLcj_i-u i_3^Ll>.l Ji_tC (JJulU (J-oAj (j-« £i3LL!l (jauljJI fa-"J (C 

.3ji>L^JI LJLi jl^Jtl J^Luu jus. Qj^suj 4-1-^^1 j-LLHI J^»JI (c 

Oz j - t .iu.aJL? La^llj L a- Vi 1 n (j <i <>ij j " i nU (_p.jlj.JI (^ 

.«Qjljl (_ys 5tjj (_£Jul plj_aJl («-^>- *-« (3j' ' ' 7?-*>-dl ^_pijl^jl («^*->- ( J 

j_ibjj| J t i"ij (I 

JjjJj\3j ^Zj-pl L*jI^ ^J^ J' <3^0-¥ f " * ^ 1— flgj-^J L«j3 UaL>. 

Aa-Uj^ajJVI (j_aJj^=JI (j^iiiV ia 1 . il i^tl j_4>jj| Jj_L>JI 

^Laji^cn 

■oy^JLA^i! <LJLc S Jyv (j<w^ij JjjJjlJIj ^^dh^' ( 

.aJaJill CjIjJi^ J3J0I lj-*^ jl'^ij Jj-Jjlllj Jlj^jj]! (V 



yljVlSjb-jJI 



£j£J-JJ^jiti5j 



gLIJj LSoJLS^ 



^LUI Jjj^I! ilU^aJI U^>UL pa (Y • 



CUTTING ACTION 



FEED MOTION 



TYPICAL OPERATION TYPICAL MACHINES 



,. M MOTION 



Reaming 



Drilling 
Grinding 
Sawing 



r~^ 



Milling 

Shaping (wood) 
Routing 
Planing (wood) 
Jointing 

Sanding 



Milling machine 
Wood shaper 
Router 

Circular saw 
Drum sander 
Disc sander 
Spindle sander 



& 



u:- 



Broaching 

Sawing 

Sanding 



Horizontal band saw 
Belt sander (portable) 



J'! 2 " I I FEED 
TI0N i \ MOTION 

4^ 



Vertical band saw 
Belt sander 
(stationary) 



,l::zz3 






Cutting Parameters 5^1 £j>la : ^Lfr! JwaI! 

.«_La_2J| Jj^^j i 4jJuilJI <Cj-i-u j t * Viritl <Lc.j_i_u : x_LaJi!l i_3j)jJa-) J i <~\ 7) J 
•<jr^ ^ ^*-^ g Virttl i_3j)jJi jLll > .I (<UJJ 
4_aji£. (j-a JjJjjj JlJ>»J (JjLi-u -5_£>-J - el jVI LjIjij _ *JaUi]l Ju»JI ejLa- AJJtAll ejLa - 

.*Sjj1I staVl j-*c - 

e-S^>- J ln\£— .",tl j 4_l»-LjJ2| (j^a (J^= (jr^ 1 J-*Ji ^^ ^ 1 j* » LaJLJl i_3j)jJaJ Tc-pej-aJI jI_ll>.^?I j-uaj 

(jjj; i n"it (JjxsLlIII e Jl>- Cjjljjl (^LjJLjj (JjjJI (]>« j '"'^— £_ 4_i£.LL^aJI ejjJiil Cjjjlajj Cjj m"mI JlSJ 
4 ai^aj ^j.a l*j->- J J* i"i"itl CjI jl or J^— i i""< . Lffcjjt-i-u (jylcj CjLslIIII ej^>- (jylc ?-L*_JI J-»vL t J .CjLjej-LU 
IL. *LlJI (j^JJtJ g-la2JI <_3jjJaJ 7rj-=r i^itl jLlL>-^?I (jLs I jJ i \-&j (j k a J L^jji_aj». IL. 1 o^a ^LaLcj CjUtlitl 
.4_ubLajJlj aJlSjJI (j-a JiJJ-ll (j-Lajoj (J-«J<JI f-^'j-' 3 (jr^ 1 ^ fl^JI ^j-a 4-iltJ Laj Jjij i nil 
4 iil^-i"itl t 4_t»-Ljj^n (jyic iJ^uGj (J-ii iVitl i_3j)jJi ^j^a i_ Sjii (J^= jL u - ^ -l (j-oj-ul t t —ll o jj (<m-u-u (^yL La-tSj 

.eJi^>Jlj 

[m/min] Cutting speed gh2ii Ikp t r - 

.^j^ajJI 2Jl>-j £_ Jt Mil, I ^eJa-mi! 4 j i nitL) « LaJLJ I el.il LgJtla 23 (_jjJI £al . nU L#JLl » LaJLJl <Lc.j_i_u l_ SjJU 
(J^la (_£jL_uJ £ e Ju»-lj ejjj ^_ 4-uljVi i u| 4 U i"i tt In i u (jyic e-iji^ta iiaJL) 4 t U 2j La (jLa till JJ Lx-uisjJ J 
^ylfi. Ji^iVi ((j) 4JLiJ3jJ| 4- ^lljjjJI -iJ^- 4- 4JLslA!I Lk^pta ujj tJaJ . (jji JoY) SiLUI J^pta 

j » Virttl icj.^ (jr Li Ji^iV^ ^j ) iLj^jJI IL. Sjjlj»J,I 4 ta2l!l l(j"tU^ ^yJI £aL_uil ^^j ( (j ,3J Jo Y) 

.(4^LlSj / A ^^ L^JJl»-J 

xiiLu (jr"" U J ' a "" "^jJLC- /> 'LC^-<_o a I Jua-"i i ill Ja^" i"i < 4j 2 iQ2ij< i iil,l ej^>- ^J-C- » La-SJI ii.^ ^J |j 

L#j| <^;L>- 4^1^-1 "ill (_^Jx.J 4_l>.LjJ^I ( _ ;r l£. » Virttl 4X.J.U/ jSjJJ .AJJLA!! (J-ujjLH 4_JLc 4^J (jr^J (<UllJ 

^Jjj « La2JI *l_uj 4_JLc ejlj^»- ^^i ej-iiLXI L^jS^Ltl CjIjJ^/I jaf j ^ JlJ> -^ 4t Cr^^P' J-aL»JI 

.SbVl ji^ J^=G Jj|j3 ^l^Lj Ls3j}L^J Si jVl "e^La jjlj^iAJ i_JUJ| "ejlj^JI 






(j-a f-SjJ CjIjJ^/I jlstju ajLl! CliLilcUl jlj^aJj 4_p»-LlJ^M <j-a <JldJ alj^/l j-cl<TlI I fljajlll "j"'^— (j! 

aSj 4- J^=*-J r^ — ;l 4- *J>^- cjjJls- ^1 iilLj CjIjjI ^IjlJcI^I ^Jj l£J!Jl^=> -rLjJ^/1 4^i^=3 

; Lg_La 2 JJulLo J^oIjjl! Lijj LlUjj 4 n I" •^e.a <Jjl Jl>- (j^a * Viritl <Lc.j_i_u JjJljso /<uj 
Jla 4_JL«JI SjIjjxU L^lsJelj a-LLi!! Ji^J! SjLa ' * < ^"" LsJlJ£. • 

x-LaJUl 4^j_i_u (jLS A_a-U_avO_aJ 2 1 (_p-« "^J-* 3 4 It ("ill ajLa ,jj^~~ '"' LaJtl£. • 

tj^aj j-k2JI icj-^ (jli .Finishing Lu-tk^ all^ j^n juc • 
^k^Jl icj^ jL^ .Roughing Lulj^i^f aLU IluLd jj^ • 

aJLJS jj^-— " 

«Ja2JI icj-i-u <jLa Lfejljljfel 5j!l^=j aJVI ajS jf 4JVI SjjJs j_Lus juc. • 

aJLJS jj^-— " 

(n) ejl-iVI J)j-»e o'jJ- 5 ^-J-" V^ '""*- («JJ Jjl J^>JI (j-a » La2Jl <lc.j_i-u jLll>-I Julj 

n=1000*V/7id 

[m/min] gUMI i^j^ V : d~p. 
[rev/min] SjbVI jj^i uL>j-> ^>" n 
[mm] .c-diJI <j_JL*i!l 'jj>i^l 4-j-k2JI sbljia^ jl < ULlil j-LaS d 

J^jIG (jljJ-S ■Lc.J-LJU <-^J^\ jLll>.| /<UJ 4JLa Lgjl ) rl~>- /<UJ (_jjJ I Cj Ll J I ntl (J^= J-^J-J ^tH^ 3 "! J*^*^ 4 J ( rl'< 







.jiitiuJll gJaSJI oLcj^ ^j3 (Y- o)j (i-Y) « (Y-Y) <(Y-Y) <0-Y) Jj!j^>J! 

■» !-» M I Cjl^JJ d A I", ->■ a _ll^_a i>l Jl^t" I llLl JjJlULil (_^jaJLJ 



FEED SPEED [mm/rev] ILOttl I IkpjY- y 

jl j^>i^l in^ini ^Jl23 j| aIsIjJJI '2- SjcJj SjjjJ UL&JI JUi=j Juc. SbVl ^ Jl23 icj^ ^ 

S>xLt<3 4_iJl*j lLs^" m ) j t Cj 2 a i-uiX I «-S^>- (r-^- AjJulIII <LC^_i_u ^3|j .2Jl>.|j ajjjJ L«-jL<i^3l Jtlc < sLSILU 

Jl o^-i La tix^-LuVI JLc Jjj3 1 o^-i .(j-uJjlJLj] <LJLc 4^^ (_^JLc J I /<UlLj 7r Vim JLc Jji^i-aJLf Ijl>. 
j"'^~~ »l » '-"* a /T"jl 4_uL^=ual (jyj-*-! ^rF^J (lyj ^r- * IaiU I jlj; m a 

:JlLa a JlC (_LoIjj«J L*jj AjJlsljJI kc.j-uj JjJljso /<uj 
.<\JLtJi_} ( _yu_uLiLo 0j\ {<s£-Vi -»■ U-» » ,. ■ la »" I Jl>- aj-Lt-LO AjJlxj ic^ * 
4-ulj-alml CjLlof J-LflJj JlLc a;jj^~> ^^^ ^-J-" * 
' 'I La II 0j\ aj-U^o^J 2l (JILa (JJj-Va ^JJula (Jj* i*ii*i Jtl£. 4-uLc AjJlJu 4_c^j_i_u • 

.Mild steel o^j-^ 1 o^*^* 

ajljjtiJ eljVI SjiLa J-<WO -il-ijl UJL^= <jr^ ^^" ^-J-" * 

(j^gj «^l ^JJ^I oLcj^ ^j3 «^l (o-Y)j (i-Y) « (Y-Y) £ (Y-Y) <0-Y) JjIj^JI jJiJI 

.e\y$\ ejLaj AliAII aJiU Ujj LajLlltJ 

Depth of CUt gtttll <>*6 a- Y 

(JjjLSjj Jl»-Ij jIjjIuj jl sjj-i 4r O^^' Cy 6 <Jl>^ l^ 1 -^' *>^' P^J' J' ' " °' " ? V^tl jj^ 3 ^ ^ '^""J 

(J-*£. l^JjJ < ^-f > - ' «ljVI J-«^- (jr^Lc » Vliitl (3^ f J-13^ L ^'^= .(j-u-ul ii It ijJLc 4^J (jr^-J (<UlLj 7r Vim 
CjMJ^JI Sjj* JL£. IAJLUI tliljjVl j3J3 U^= .SbVl '4rJl^ J^=" G ^JJ^ Jl j-o^=JI gJaiJI 

: l(jia 2 JlC (_Lal_0rC y Viiitl t 3-"'- c - jLll > -I Jtlc (jr C.ljj 



ytj'tflSjb-jJI 



4jP-i 



gLIil LioJLi^ 



• A-ulj iViin^/l CjLJUaJI '£. JJJ^— » taJ3 J^e jLll>-I /<uj *-laJi]l 

jljJ^ 4- ^l^j>IaJLlj iJ-apl oL^=>^m-ol! iiiiiiJl 7t Vim VI illjl • 

LLL> ^ .^l^-.^VI ^ ^31_LJ| oljjVl J^=G J;^ JoJj gJaS 
.(jJ^L-JI ^i^. Jj^-i muII ^ ^Ili ^Jl AjJjim^-iVI Sj Mirttlj JLajJI 
. I Jl>- 1^-Lt.Lgi » U» * 1 1 Jj -i^* ,jj^~~ > ' (j I (— QiJ <j$£. Lj 9eJa-m I (_ylc (J J LaJeJU • 

^jLall jLl£.VI IL. L^tiisj (_cjvj 4JL1 mil ^jM^i'tl cjLJU^. cjLjjLaj • 
■ d I* mi H i u\~ a] a i«^I i^ 1 ♦ l^.^ . ^ A ( ii ^ 

■ 4- U -i T a. U (^,-i-uJlI-JI J ^~i '" oJI (. i ) ii^ - * \n7)\ \ jJjLim J i ill i n" • 



y.t^rtt1 (J- 4 ^' 


ijJUSJIJj^ 






*.,. . ».-.«, 








r 


3jjJ / fw 


iJiihh 1 u * 


„>^ 


lAke*'*- iv 


J^ n 


- YY< 


H.S.S 


^i^= 


H.S.S 


^i^= 


H.S.S 


•*&*> 


0.8 


0.2-0.4 


90- 
125 


220- 
320 


56-71 


150- 
200 


25-36 


110- 
140 


1.6 


0.2-0.8 


56- 
100 


140- 
250 


32-63 


100- 
180 


16-32 


71 - 
120 


3.2 


0.2-1.6 


32-80 


71 - 
200 


20-50 


63-140 


10-25 


45- 
100 


4.8 


0.2-1.6 


25-71 


63- 
180 


16-45 


56-125 


10-25 


36-90 


6.4 


0.2-1.6 


25-63 


45- 
140 


16-40 


36-120 


8-20 


25-80 


9.6 


0.4-2.4 


16-45 


40-90 


10-25 


32-80 


6-16 


20-56 


12.7 


0.4-3.2 


10-40 


36-90 


8-25 


25-71 


4-16 


32-50 


19 


0.4 - 3.2 


10 --25 


25-55 


7-16 


20-40 


3-8 


20-50 



i *_k2JI c^jjii :0~Y) JjJ^II 






yIj5flSJb->JI 



4jP-i 



gLIil LioJLi^ 



r 1 


2jjJ / ,<w 


iSAs/j» j. kiJIJ cj^, 


Jiihh 1 n " 


Lf jLaj j_6j 




Ja^jjTV- YY- 


H.S.S 


J*^» 


H.S.S 


•*oj£* 


H.S.S 


J*^» 


0.8 


0.2-0.8 


63-90 


110- 
160 


32-50 


71 - 
120 


20-32 


63- 
100 


1.6 


0.2-0.8 


50-80 


100- 
140 


25-45 


63- 
110 


16-25 


56-90 


3.2 


0.2-1.6 


32-71 


63- 
140 


20-40 


45-90 


10-25 


40-71 


4.8 


0.2-1.6 


32-63 


63- 
125 


16-32 


36-80 


9-20 


32-71 


6.4 


0.2-1.6 


25-63 


56- 
120 


16-32 


36-71 


8-20 


25-63 


9.6 


0.4-3.2 


20-40 


36-80 


9-20 


32-56 


5-16 


25-45 


12.7 


0.4-2.4 


16-40 


25-80 


8-20 


32-50 


5-10 


20-40 


19 


0.4- 
3.2 


10-36 


20-71 


7-20 


25-45 


4-10 


20-32 



JjJjjj ^•ij-f' OJ^ g-k2]| .4 rtplj ^ Y* — V is 1 .5 VI j-*£. • JLUj^aJI <j-oj 







a*/ r t l^»a ^ 


.HiW 


lhLh 


yoBL-.al* 


lu,>L , ^Ui 


r .*-^L. 


j.jiy-yi 


H.S.S 


^ 


H.S.S 


- 1 ±!>^ 


H.S.S 


^i^= 


0.8 


0.1 -0.4 


56-90 


150-250 


90-150 


220 - 400 


110 — 

200 


280- 
500 


1.6 


0.1 -0.8 


32-71 


100-220 


56-120 


140 - 300 


71 -150 


180- 
400 


3.2 


0.1 -1.6 


20-63 


63-180 


32-95 


71 -250 


40-120 


110 — 

300 


6.4 


0.1 -1.6 


16-45 


40-140 


25-80 


46-180 


36-110 


71- 
250 


9.6 


0.1 -2.4 


9-40 


25-140 


16-71 


32-150 


20-90 


45- 
200 



*_jj_u/ < 1 1 iy\\\ ^ya » Ia£ 2 



ujjJu»-jj£. jlj^s aIsIjj>. ju£. « La2JI i_3jjii :(Y _ Y) Jjj^>JI 



.(JjJjjj J»J>JJ OJ^ -4rt.ft.> ^ Y* — V Sl.}VI jgf Jgjj-^aa « La2]| 



yIj5flSJb->JI 



4jP-i 



gLIil LioJLi^ 



&* 


jJoil 
























if>k»»j 


«^ 


•>• 


U^V^ 


jAi* ~ o«U 


^- M - 


uy^'jAiw 


^Ui 


5_U> 


**/ r 


24-37 


18-37 


46-107 


18-46 


61 -91 


183-549 


46 


91 


Sjjj / r 


0.3 - 3.8 


0.3-3.8 


1.3-0.38 


0.5-0.13 


0.3-2.5 


0.25-2.5 


1.5 


1.5 


3it> 


u*/, 


30-46 


38-61 


61 -122 


37-61 


76-152 


183-549 


91 


122 


^ 


Sjjj / r 


0.08-0.25 


0.08 - 0.25 


0.2-0.1 


0.2-0.13 


0.1 -0.25 


0.1 -0.25 


0.38 


0.25 


jsj* 3 


u^ /f 


15-23 


15-27 


37-61 


30-37 


30-61 


107-152 


46 


91 


J^, 


Sjjj / r 


0.25-2.03 


0.25-1.5 


0.2-0.1 


0.15-0.1 


0.25-0.76 


0.25-1.3 


0.25 


0.13 


l_Lj=j; 


UAi/ f 


60-125 


18-38 


43-11 


20-30 


61 -91 


549 


46 


61 


Boring 


Sjjj / r 


0.13-0.5 


0.13-0.5 


0.13-0.1 


0.13-2.5 


0.13-0.5 


0.2-1.5 


0.5 


0.5 




aii/ f 


24-55 


18-40 


30 - 1 1 


14-20 


61 -91 


154-549 


30 


91 


Sjjj. / r 


0.13-0.5 


0.25 - 3.3 


0.13-0.76 


0.13-0.38 


0.25-0.76 


0.25-1.3 


0.13-0.76 


0.13-0.5 


y^(~ 


u^/ f 


12-30 


18-30 


1 1 - 30 


12-18 


61 -91 


152-549 


30 


61 


SoWr 


0.13-0.5 


0.25 - 3.3 


0.13-0.76 


0.13-0.38 


0.25-0.76 


0.25-1.3 


0.13-0.76 


0.13-0.5 



Rough turning = i^r^i a*^ 
finish turning = ; , nU,v , ili>. 
Face milling = ^i^^a 



recessing = y^i 

Cutoff = j^ 

Periphery milling =j^^>^j^ 



i *Uri}\ <Jz±>k> :(£ - V) JjJl>JI 



ytj'tflSjb-jJI 



4jP-i 



gLIil LioJLi^ 



(Aiij ) ! 


jVI j^ 


aJoJlJl (JA& 




/ r ) ^l ^ 


iisL-S 


uus s,u 


.Jii 


^> 


4jJ JO^ 


r 


±tj> 


tSkJji*. 


^> 


^Ij^ 








17 


55 


0.51 


0.25 


0.25 


168 


366 


32dtAj 


ciijjL. 


iLUji 






















21 


18 


4.75 


0.51 


0.64 


198 


1524 


241 Ohj* 


>j 


JLUji 






















28 


15 


6.35 


0.41 


0.46 


213 


549 


200J*uh 


ClijJ~ 


JLUji 






















33 


23 


4.75 


0.41 


0.51 


198 


671 


241 J#j* 




2LUji 






















36 


63 


0.51 


0.25 


0.25 


152 


610 


32 4Asj 


ctfj^L. 


*Uji 



■Uj^— i tlj 4 j^-ijal^j i ntl » ]n7>\\ JijJl*. aL 



1 » UfiW <_3jjJe iJjLla :(0 . Y) JjJusJ! 



yIj5flSJb->JI 



.«_La2JI L-Sjjjii lJijjjlIII *_a j^=j| O 

■ * Vlritl l_3j^JaJ Trj-r l^-ltl JlJJl^cjJI 4 Juj it\\ 7C-tij (Y 

. LgJ Jl»-j j^= j x_a *_La_2JI Zcj-uu i— 3j-C (Y 

» t-Stl ^^j ,„ jL",-^l ^ | j^=j| (£ 

.sjl-i^fl Jj-<3-C. (j'jj^ ic-J-" ^-il i u> 4 jiij^— I 7t-l-i5J O 




Uai. ^1 ^jl>«^> c_^l ( ^ 

( ) .(<UlLJ ye-La-m (jyic J J ' <a Se U ^j^jjus ilaj-ifu I Jl>- 4_lIL«JI 4jJlJljJI <Lc.j_i_u (uj 

( ).*_LaJi]l jj-*^ 1 bJ ^ jLj> '-' Jl ^ £ - J J* '■""'" 4-il. a - t J aJLLuJI 4 jtji i^i "tl CjLJUjlJI CjLjjLsj <L3jjl>j /<s^j 2 (r- 
( ) S^h'iVlj *-ta2Jl 4-g.j-.-u (jrtj aI^IcJlvjj V ( n 



jkaJI uljih 6U&I Juttl 

Cutting Tools 

x^>-j_l ( (*_LaLJ9 Jl>-j ( (j- 1 a ■ ul ( JjL_u) Cjuj^=iJ,' (j u-flJ ^y3 LJI ^— » ■"■■ I " i fl '" a. I Mj" » IaJUl Cil J_}1 ' ,^—ij"" 

aJS 4- f krtU Ajuj-a (JJ)^-'"< jLuJI (jL^ LjJ L«-jJJ eljVI CulaZ ^JLjla * 

i_3j_kaJL) iljILa 4-jJL»- j-<£. C^-u!uJI (. 1 i nLu t _,^— 1 1 <— -c-2ZlJl 2— 4_ilaj)jJejaj 

I g-tig Jj-Jj-y ^L° 7" " ' "-^J-* 4-IsIjJkJI (jy^S <(_pijljJI jLtjJ A-Sj^la • 

jl 4 ojiVn n a Cjlj_a-4 (j-i ^—1^— . ..tl « Jl>-jj jjj-fllll 4-J "— <-2lII ?TjL>- 
(^yjj*. £■ j in 7) t, I (_pijljJI 4jq^-> i_il tj" i n2 ^ a^aj 4_ujjJL>- jl <Li_L3e_La 

4 l^-i tl (jruL-u^l <*«■ I rtl"^ Lk-SJL*] L«jj3 » UflW JijJu*. JJl£. • 

« 4^LL^aJ llUjj gJaiJI oljjV 43MiJ! oUj^U ^u^>U t^b-* 1 <-^= ^ Sialyl (JS ^ j^l^j 



yIjVlSJb->JI 






Sjaj LSoJLS^ 



•-•Udi 




u-.-V 1 u ^Jl ^kJi 



.sialyl t*ia^ljj^.:0 .V) J^i.t,ti 



: l^o tt\\ Sjj"i^— > (JjsIjjlI L*_u x_LaJjJI Cjljjl fj-"J 

• TeJJ... (TcjJLslLI jLjej*.| j t^Jij ii"ilt 
CjIjJiI .ajiieli.uj Tcialllj .Umi^-iIIj aIsIj^JI Ly ii :» Viritl JjJLv JJLC • 
Cjljjl a JlJt" i i "> tc-lUeTlIIj ijj^olll IL. U_Lu Jl»-Ij *-LLJS Jl>. Cjlj 

.JijJu»J1 SjiJuLLa 

ajj <La^tU,lj "LLa^jjJ,! CjIjJ^I Lq-Lu <(jJmJ,l (j-oAj (j^a L$JsL_uj x-LaLill 
.SbVl ^2lu «LaUJ jt j-LLUI J^JI Jajj L^ 
t Jujj^-itl tsUrttl fcj-uj (_JL*a]| i_dl_L$3 Ix-LLUI Ju»JI SjLa • 
x-LaJUl (_3j)jJi Pj-<-* /*- a '- ' ' "I-S3 ) ,^~~' I Lb_j_tC_j ^jjjlilj LJlxal^ r i nil 

■Cj^ t i"ill -ilj-aj 
JUc>U fj^isl^ ^1 Sj-JLuaJI oljjVl ^JL^3 CjIjjVI o-^LLa • 
■ c_llj-21m^l CjLlUaJ ^JlJcTll-uJ ( Jjl\ Sj-Li^=JI CjIjJi^Ij 4_d_ijajj| 



ytj'tflSjb-jJI 




4jP-i 



gLIil LioJLi^ 









.* V>7>\\ J-J>J-u ' ; 'I '.-ill (j-a x_La3 J>jJl».j jjL'-' 1 ^ 4-flJoieja (Jl^~~ » uil t(Y - V) J^— i i"itl 




Adjustable ^2b Fixed chipbreaker 

chipbreaker 



Built-in 
chipbreaker 




Heavy duty Button type 



yljVlSjb-jJI 






Sjaj LSoJLS^ 



"v 




^ 



Triangle 55° Diamond 



Tool angles gtflisiiluijjtr.r 

: 4_u_ u L-u^l LjIj>II 7=-^5JJ (° - V) J^-iilitl .(JArtm^yU idJjieJtl grliniVt J-UJ t eljVI Lljjj Ji^irtJ 



£ 






aalj^ ^ sbVl Ujj -. (o . r) J^,i,tl 



i 4_>JLitl SjIj^kJI JjI flj t 4 U ilit I SjLa 4_i£.jj : Lg-La SJlC JJ-«I i. i i iiLu (jy^aJ LjljjJI <>ju4> ^jJ2 Pj-"J 

4 rtV-wa J^— i i"i ^jjii-s i LiUji^aj (_pijljJlj 4 U i"itl x-o sljVI (j\j idl ^— Ti-v^ I Jjlii" t * Viiitl Jj^ i n" 

; «_LaJU I u I j j ^j-* 3 4_jj I j j^^ 3 4 -^ j a 7c_uis jj /«jj j_yJb L*-l2 _j t jj>- I •- La ■ ■■* -»■ I- . .. ^j-a J I Sj ) * I 






°Y«- Aj^j 

sjlj^>JI (j-a <J12j La.4 4-lt-caJI *_a Slj^l i<tl^— ",^l J_ti2j I j" -i j a (Lill (X ) ^^^oJL-kJI <Ujlj 

A . (jru Lgla_tJa j i^it mj 4->JI_L!l 
tj-u LglLa-iJa j "•»-»■ *"j 1 jl^^i" (JjJLSjJ pJLSJI <LajJil AJLlU j-^jj 1 j" q j a ((jjJLajl S ) /<JL2JI <LajJLa <ujlj 

V- u 

j^^*-"j jj^j-"^' 1\~,£-^ j ,<• 4j>o1_lII 2jIj^>JI (_<jj_ijjj Jj^ i m" I j" -i j a (L)L^= 5C ) iljl-2-U ^j'j 

» i ^-. ->■ "^ 4 1 1 ("i 1 1 ^_ ^_»- 1 -»• la i •■ I •- la i u j^a J 1 ^" >\l 1 < i^JJaJL I J^— i JJ I 

.gjaUJi j^ji -qU ..,,„^ ^ji cjIjjT Ujj ^>s (o. r) j (r . r) j (>.r) JjIj^ji 

Tool signature 3lrifl>j{t.t 

L«jj cc t .L o j jcjJLjejJI jL?t».| j c-t-LaliiXI <jjj-fllll ^2^-^== L^==— ^-" (aIsIjJkJI a^JjsI 4jLi3j iji^—> 1 <i j <»< 

lLUJl^=j (jjUeJ.1 (j-a CjIjJ^M <_JLL Jj^sjJI JflirM «Ja2JI CjIjJ^/ jj-^J ISO A_JLL«JI O Lq-lo I j-al? 

:aIsIj^>JI a^LSI j_uspJ Jlii-a (^ Lt-iii •J t i«u.'"tl ol_iLi£. <^aj_i IL. LbjjjLjso 

IS02 DIN4972 L 25q klO 

.4_J,L«J1 iiual^ail aSj JJjjjij IS02 

^iUVl l^ll^ji oLi^ljil f Ua: ^ u^i^ii ^ ^j Jl^j^ DIN4972 

(_gjl ) n S p UUl (j) ^1 I ) I I "ill Li 



yIjVlSJb->JI 






gLIJj LSoJLS^i 



«Ja2JI l^\^s~ ^jj^-" IL. lLUJl^=j . t-atl LJUx. aUjJ 4- 4-La-4>l J^=^' J-«L«JI (_,-* » talll Sl-if 

7c_uj V l_a-4 ^yCuJLc <jjti3 <Lc.j_i.u_a « Lala <L(-j i uJ « ta-SJI (_)_==-*_, I J--C (jv« (j^ 3 -^^ ijS Y" J_Lc 
■ -— - 1 il 1 1 u (_JjLt3 J JJ '-"*"' («-i /j-tiLi' (jj-2jl ill JlJ £—. /aJ »j '.'^~~* '^l^.Ljj] (jr^-_J <La--L_ ■- La ■ u| __---£. (J J • -a *- ' I 



*\ * * j_Lc 4_o}L__> jJLL , 



u j_i_3l!*_= J^-ijitlj ^aj^-itl (jr^ 1 ' 



«_jj_ij/ t-JLsaJI /a__ul «Ltlc t3^°l I^J ^^C- tljLg-J '".' *-_---!l «U-L-=. al x-LaJUl t__lj_4 x_<_-_J «Lal jLsr'irnl J__C 

(Inserts ^21) ^ _jjl=- ^,^\ c_-aj_i_i__l_a ol j-uj^=ji oj^ ^Ul ^iil oLip^ ILj .^JaSJI 

i La a I "«- ' ./_jaj>i__3 i_lLl-> ^j-* 3 £ a I < a I , I (j- 1 * i "VI ?c-Ia-m /j-Lc j--al i u a 1 tLa-i^-II _al aLicJjI j-lC ' ■ i ~~ 'j " 
(jAnioj <L»Cl_ 7t Viiiif (___£. Jj-l^jJI <j_a (j^ri" Ij-Ja (» V * ^>-J-i (jr^*- U-O^L-a (jr^ 1 *-- ' J 4d>--- 3 -' ' 
-L- LiLtal^j i nil ^Jjlalu J i>iM J^>j (jyic- Ljlj-U tf Jufc ("i al> i .al^M-I (Jj-Lal 'j-** 1 (j-*-^aJJ J-La-5JI (j^j ^j-a 

*_<___> «L. (_^-l>-1 i nH 1 j~-j 'j *^~~ •" a J-a-~ 1 11" .> * Y* * j_Lc «Gj^Li-i5 jJLu _jjjJl_a /yjisLLI _jj__JI i_.l Lu i u 

J_uj^= ,JiLa t j i^iif + _ji_aJj__= j_4> j-uj^— i]l ) CjIj_uj^=JI Jj^L_L_a ^j^a 4jJl;Uj_____!I ja-aUl 
.AjjJj^a^J V I Jl-Li ■•*— il 3j"" ' " a U " ^ lf~^ L J " r^-Slll a ( •»■ 1 j t aajjLLiItJI J_u^J== t ^yt i n~r ("ill 

. iiiiiJLi gjasji jiji ^Imi^ii ..Mg-ipi ^33 a . r) t a . r) « (r . r) JjIj^ji 

4.lZlL.u.a »Ua ^i-^ p^ltl a! jLsr'iidl L^la iCjIjJ^I pj-i "■>" '£— SJljJlC. Cjljjlaj ciUji^a CjjJl3- 
j_jJ3jj t ( _pij|jj| jj i ii^-aj ^jL^aj (_pijljJI r-ljj>.J (^jL^a (j^-^j La-La CjljjVI pjo i^" (jj i n*«. i LiUji^aj 








^jj>-ij ^ AV* *Lc IL. C^ajLJr'nul jj>d3 4 '^^-— ■ ■■ (J^-i <UjLd-« 7=-^JJ i^JJ'j O - V) J^— .^.tl ^ 

.CjIjj^iI ^ j -i i ^" ^ jj i*^— < M j j U". II -»• ' aj ' 
tj^yL L^-iil *_La_2JI CjIjjI ^_ Lbj^jj i_-J LaJ (_pJI (j^ajl i^-i->1l j i^-i^- £j^— i <ij 
.ili-ifoJL) ■% I . t tt i y> V I a » t-^t l A_JLi£. ,j_a <L>ij1_L!I i La a » i a ! I M p-r"t AJLlil • 

.(jSijIjJI ujLlcoJI (j-a ^3LlJI cdl^-wOM LsjLH aJUJI grVii.itl s j}L-a • 
.gJaSJI jlj-O^lj ol jcJj aJU^JI SjU I|_ JiliuJ! (jU.M LJUJI S j>L^JI • 

J^=QJI jLjjl ^LULlJ ^Urttl *Lul 2j}L^]l (jl JlS£ j»JlC <jU-^ LJUJI Sjlj^*JI <_L*^o • 

tissual InJ^n « Sjlj^dJ jJaUJl J^>JI SjUJ*>] jljjl IqI^-, 
» l-^^'l ^j^aj (J-tlSj j ig r-LL) Jfl (j-«j (Jj-LSj (j -i La ) L4-4 i AjJlJlIII 4^j_i_u a JLjj • 
.(«-£. Lj ~- la 1 u /yic. (J a 1 a "«- ' I ji'^' L4-4 ( » 1^.^)1 i^.j_uj 2 juj • 
■ (jja-uafl j-ifcjJIj ji^jj^aJI (^Lc C-JLaJI Jla 4_JLc Sj}L-a CjI j Ji1_o^o J-Lt-Ju • 

-Lc LjJ ^ LaJ I $lal A"^V U mlj Lai jLsr"ml 4J Jl-UjJ=J I J Lt^B-Lajj-ugJI g-La-SJI Jjju»- Jl^o IjJj 

■ *JaJi]| *l_ui ajlj^>JI <L>-JJ fLflJjl 



ytj'tflSjb-jJI 



4jP-i 



gLIil LioJLi^ 















8-10 


0- 7 


6-8 


7-9 


■ J La ) z c-iijLa ( (jaj>^aJI 


8-12 


0-12 


8-10 


8-10 


WoSAE ^yJjJ^acJLa 


10-14 


0-14 


7-9 


7-9 


\mSAE ^jj^a..,!.^ 


10-16 


0-14 


7-9 


7-9 


^rroSAE ^^j^lJL* 


8-10 


0-10 


7-9 


7-9 


T^ToSAE ^jJ^^cJLa 


8-10 


0-8 


7-9 


7-9 


"l ^ £ * o/\t (-jajj^a t_JLa 


8-12 


0-5 


6-8 


8- 10 


^jUj jjbj 


15 





14 


12-14 


fLfcHW^ 


4-6 





8-10 


8-10 


>>i>? 


12-20 


0-16 


12-14 


12-14 


(j^U-j 


0-8 





6-10 


8-10 


SjJLa (jjjLsO <_1LjLj-<-u 


0-10 


0-2 


8-12 


10-12 


<u^L> ^uL><J ljJLji ( i ii 



SAE = Society of automative Engineers 

(4_i^=ijj_ai 4-L t .a- -^ . ) CjIj Lli ni l (^yjj/Jtl^a 4 _u l ^j> . 



.« Virttl K^yuj i_ 



II |>a gJaSJI Sbl Lljj jLj3i.| : O - V) JjJ^JI 



yIj5fl3Jb->}l 



4jP-i 



gLIil LioJLi^ 



Co 



V 



Mo 



' =J x\ 



W 



Ci>j^ 



C 



AISI 
Type 



a ajjJjJljJjJJ <Lc.jjUs=ja 



8.5 



1.5 



0.85 



M1 



5 
8.75 



6 
1.75 



1.05 
1 



M2 
M7 



1.15 



9.5 



1.5 



0.9 



M33 



1.15 



9.5 



1.5 



3.75 



1.1 



M42 



a j^\ i n-r''i'\ 4^,j.t.yi 



0.75 
0.8 



T1 
T5 



14 
12 



0.75 
1.5 



T8 
T15 



.*_ki!l JJ>^ t-JLuaJI f-l^jf Q^fcJ ^yjL^i^aJI i_^3jlJI : (Y . V) JjJl^JI 



ytj'tflSjb-jJI 



4jP-i 



gLIil LioJLi^ 















10-20 



0- 10 



6-10 



6-10 



A^jJJJjOjJI J AJ^ I IM if La LJLll ( I II 



15-20 



0-4 



6-8 



6-8 



8- 5 
6-7 



0-5 
0-7 



6-8 
5-8 



6-8 
5-8 






6-7 



0-7 



5-10 



5-10 



w-SAE 



6-7 



0-7 



5-8 



5-8 






6-7 



-7 



5-* 



5-* 



6-7 



Ija^V" 



-v 



5 --10 



5 --10 



(JSuu^j\) 



6-7 



JjIS) Ijo^ v - 



-7 



5-8 5- 



^.x-uj^JI gJaSJI sbl Lljj jLa^l : (r . T) Jjj^JI 



yIj5flSJb->}l 



4jP-i 



gLIil LioJLi^ 



e^ 



=^J! 



oU 



/ 



<j^UI ^Ul 



j JJ ^.Ajj liJj [ i n a £_J.tgj C-JLjLa ft 



97 
94 



92 



P10 
P20 
P50 



^.iUj J_&j £(jjjj_4>j £ 



10 



85 






14 78 






15 
30 



79 
66 






50 
60 



45 
34 



M10 



M20 



j^^i M40 
K10 



K20 
K40 



■ Lgjlalaielmlj 4jJl-U^=JI ^rtltl fl^jf (j a » j t ^LuiJ^aJI (_^=pJI :(£ . V) JjJl^JI 











31 iAt|s*l „ 




8-20 


8-20 


7 


7 


^ 


8 


8 


5 


5 


^^^ 


4 





5 


5 


J^j 


4 


4 


5 


5 


.HLh 1 


8-20 


8-20 


7 


7 


I j i^-ilt ajLLo (_JLa 



■O-lITli-u^I ^ kc j h <~* t, I « L2JI Staf LjIjj jLll-wI :(o . V) Jjj^>JI 



ytj'tflSjb-jJI 



4jP-i 



'/■ ^Lgj^itl ..M^>UI 



JUL-t 



41.5-43.5 



max 1 .5 



32.75 - 
34.25 

18.25- 
19.25 



1.85-2.05 



max 0.75 



max 2 



0.4-0.6 



0.85-1.05 



40-45 



1 



25-30 
16-21 



2-4 



3-8 
1 --3 



2-5 



0.3-0.7 



TX-90 



42-45 



1 



27-32 
14-19 



2-4 



2-5 
1 -3 



2-5 



0.3-0.7 



gLul LioJli^ 



ol^JI 



J^=^l 



(j-> I nT ("ill 



OfcfJ^N 



l"*J~.' °J J*^ 



UiJJ^ 1 



l«VI (> ic>L^il gJaSJI jjj^J ^lioi^tl .-M^pJI :(1 . T) JjJ^JI 



ytj'tflSjb-jJI 



4jP-i 



gLIil LioJLi^ 



Tool wear GijAitiOt'v.t 

■ 4-Lt.caJLl aIjVii^VI J I SjJLa gr Vi i nl *JaJS Jug. aj-t^3 ojJS jjjj <- '"".< J xi^-itl • 

Jl>JIj (jl ultl l>U ^tjUt| jjl*j]| J.aLta i_3^Ll>.| ^£. Lsolj Llll ^L^J-J JlJjj <—cj"i; JjS^'tl • 

■iylrtinVI JLc *JaL2JI Jl>JI *L>J (j-a 4_>JLJ CjIjiL^I jl *JaL2JI 

SjIjl>JI Aj>-jJ fLaJjl £-« JJ>-»l!lj (5-JjlJI «-S^>- aJi£. i_u uij CjJusoj d ^ uaJI (jIJl23 • 

jj^a L^-JJ jl i— J LaJI Jl Lg-La ,j_a-ij^=JI (JLajJl i_ u i uJ <U Ji-Uj-^aJ I «_2U CjJlsoj C m fl" 1 1 • 

.4_Ll»_« *JaJ9 (_3jjio 4- till JJ J-*>N 

:«Gj>JLta (j^~i oj lJjJj :<LuLjJI 
: Lg-La HjJt 2 Jl£. 4_La J^-JJJ t ^=L£=LU>.VI J^=llll • 

.^yiJI ajjIj jJLuaJ o j^oj Flank wear land s^i i^LJti «jJj - 

. j£\j3\ j-a ^1^-,-^vi ,.,j,,m oj^o Wear Crater ^iSljJl ^I&u. lJJ3 - 

^^i^-,^vi L jjbJ| ^| ^^ (v . r) j^-,,t,ti 



^rzrczi 




tf I lJiJUI ^1 : (V . V) J^-i,t,tl 



4- B }Lia. SbVl j_JL>J SjLcl lai ,^^1^-^VI J^aQjl l-clcoJ L$£aL JU£. 1 aJLulx JjJl^ Jl^-jj 
JijJl>J \V Jl \Y0 C(J / C m J .iLaJjJtl » Virttl JjJl>J /oJLa \,"\ Jl ),Y l>u La *Jij ilalj^JI 

» U. S 1 1 *jj_u ' JjLaJI i^ya a c* '1 1 ^ 1 1 » la 2 ! I 
■ 4_JU.*]| CjLljjJlIII 4- « La2JI llsIjjI j-Vui S-iLcl L-lLtia^ JjLu *>"h r » 






Toollife3bVl>*6jV.T 

(jl (_£| . J-Vlm ajLcJ O "ulor (>L) « LaJ3 aJL>. IL. alj^l Lfeft jj^— " <_jjJI 4-ilajJI SjjAJI alj^l j-a^J Ju^a^J 
4- 4^=jLiua sljVI <Lj3 jij^-il (_£Jl!I O^oJI Jj £ Lifcj_*£, (j-«jis t-cL.g-'vJ V (jjJeJLL aljVL ]eLdl>.^M £yij 

.a fiyMJA' (_yl>- ( ^A* i ^Y* 'V* ( 1* <Y* J"'" '"'b"'^.' '~'^ N> ^* J "''* cr^*J f- ^ ^J '* 

V.T n = C 

.iijSjLJljSbVlj-^. T 

.a Ju>-lj 4JLl2.} = al Jl J-«-C (jyiiAJ <jr^' f Vlrttl <U1j_uj JJ j-«>J C^jLj (_^ 

.x-LaLoJI JlJ>JI ajLt LxjJ l^'oj^ jL liv Jj *_LaJi]l <Lc.j_ujj al jVI j-«-C J i J eJ-a (J-ua II 

^ -0.6 0.25-0.2 0.5-0.1 n 

sbVlj-ai^iltaTn .v.r 

:0)Jli* 

<L<LiJ9.i / <Li] YA£ ;_gjl i uJ (j'jj- 5 *-Cj-" dtaJiiej-ml 4-us^i Y <>j_LaJ9 ( . J t^aJI ^j^a ' ■ '; iiaJ3 4laljj>. Jtlc 
4JLjJ3J / ajjj YYY JJ o'jJ^' ic.j_.jj Cj^i£. .JJjLs.} ^ * Julj alj^l j^lsu (_,<*, >"miI (_aJj CjJu»-j 

.4 rtj^J V Julj CflJlJI CjJl»-j 

Ij-«W1 (jo <>il Jl!l » Vi!itl ^c.j_tj ^^ La <el.iVI J-*CJ *V>7\\\ <£-j-uj (J^i *^~*' ^^Lc ( j^\j~l£\-S 

.S juLLp- ijljjJiJI kcj-uu f^Jb Laj SaJLJS.} Y* *_Lu alj>U 

(jljjjJI ic.j_uj SJULoJI j-ta2J Ltjj « La2JI icj.^ SjI JlJI IL. jju»j 



iijlaj - Jm£j 2bu2j gUJILSyuLSdW 

Vi = 7i d n / 12 = 7i(2) (284) / 12 = 149 f/min 
V 60 = 7i d n / 12 = 7i (2) (232) / 12 = 122 f/min 

V 1 T/=V 2 T 2 n =C 
V 1 /V 2 =(T 2 /T 1 ) n 
149/122 = (60/10) n 
1.22 = 6° n = 0.11 

C = VT° = 149 (10) ou = 149 (1.288) = 192 

V T 011 = 192 

V 30 = 192 /(30) 011 = 192/ 1.455 
V 30 = 132 fpmin (i2J&± I pSk) 

■ 4JipU / aJuS \ YY *_Lu alj>U \j «if 4 rtj^^ Y * J).!^"*'' j o ' ^"' <_P-M J-la-^II ic.j_<_u jl (_gl 

n = 12 v / 7i d = (12)(122)/ ti(2) n =233^ / h3 , 

H-u J »ia2]| Jjj^C j-uG JjJl^cIJj Slj^l j-<3^1 (_^i£. iViti*^ fVirttl 4X.j_lj j-uG sLclj-a *u JjVI J^<-1' 4- 

: (j^JLUI ajJtliuJ eljVI j_<i£. (jle. 4jJJlL!I 

K = V.T n .f 1 .d° 2 

\A- *,o = c^AHJlaul3 K 

♦,£ - *,Y = SjjJlLJI Icj-uj I 

* V>7>\\ (Jji£. Q 

* ,A (jP^>- J * ,0 (j-« ^ILiyuS jLiivJj 4jjJuJI (jjil Ilj 






:(Y) Jl2u 

aJ^UII (jr Ll I iL^aa. t«-ta2JI ^j-uj i_JLa (j-a al^Li AISI 2340t_JLa Jjt nil J if 
2>035=VT 0.13 f 0.77 d 0.37 • 

«-tal <3*£. J ^^-i / (»J^ V0 = «JaJ3 4-Cj-<-u ;*ljL3r"ml JU£. 4JLJ9.} ) * * *JL) alj>U \j«C '"-^^ (jr^'j 

.2jj J / <*-t-^3J * , * y Y = 4J juiu <Lc.j_<-u J <*-^_JJ * , ^ 

: UjJii SbVl j-*^ t^lfi. jiVl <■...., -J 

20% jl JuLqj *-k2ll ^j •■■ 'jj" ( ' 

20% jl'-l-2-4J ojlillll ic,j_<_u Jjjj ( < 

20% jIjlL^ ji^l j^c. jujj (' 

20% j! jJuu cu2jl\ (^oAJ 4- AjMiJI J^ ( * 

20% 4+uAi Jj^J LsJlI£. «Jcl1II icj-i-u Ig-j-UtTJI JjJl^cI] ( \ 

V= 1.2x75 = 90 (f/min) 
T = K / V f ! d n2 = 2.035 / 90 (0.0125) 077 (0. if 37 

= 2.035 (0.034) (0.426) =1.56 
T=1.56 1/013 =1.56 7J 
= 31min 

.jjj^-tj-utj staVl j-*£. <^k. j-ufcJI <j^ <k-»»>lf 

Y*% LyuAi Jujj LaJtJ£. 4JjL»l!l icj-i-u 2_j_L*lJI JjJl^cj] (Y 

f= 0.0125 1.2 = 0.015 ipr (s^ / <**#) 
T 013 = 2.035/75(0.015) 0J7 (0.1) - 37 =2.035 / 75 (0.038) ( 0.426) 
T = (1.67) 7J =31min 

ZY* ixjuijj JljJj LsjJc « taJLlI (3^3-C I|_j-iilll JjjLaill (Y 

d= 1.2x0.1 =0.12 in 
T 013 = 2.035 / 75 (0.0125f 77 (0.12f 37 = 2.035 / 75 (0.034) ( 0.456) 



T =(1.745)' = 73 min 



« t-5tl ic.j_<-u '£— S^Lj^JI jjjLIi aJjLLj J^ j-uDJI j! .U>-^\lj 
20% ij-caJJ « La2JI <_3jjJe <>o J^= Jujj LaJii£. ZljVl j-*£. JjJltcII (i 



ytj'tflSjb-jJI 




SjiaJ - JJLSj 2bu2j £Lu! L£*JLSa« 



V = 90fpm, S = 0.014 ipr, d = 0.12 mm 
T = J R:/y5 nl J n2 =2.035/90(0.0125) a77 (0.1) a37 

T° 13 = 2.035 / 90 (0.038) (0.456) = 
T = (1.3) 77 =7.5min 



\ n 






sjJ)Uj 



Sslji^l Lljj f-jjj ^jLlx^I (^ La (Y 

_3>Ll^^! ,.,j,,. j^=J g-a gJaSJI oljjT oU^=ua JL^=uS,l cilis}Lii V ih*] j^=il ( £ 

5 Y i_3j^>JI AJjIj JJ-i j-& La (0 

S A. ^oJL^JI i_3j^>JI <Ualj JJJ 3-ifc La (1 

5 (X s ^^UJI ( _ h 3_al>Jlj (X ( _ h 3_al>JI 4jalj jjJi jjfc La (V 

S (3 SljVl 4jalj jjji j_*> La (A 

S % iLLail Ajjlj jjj _o-Ai La C\ 

tj- 1 a i u^ I 4 a '" **■ I , I ■- la i u jil a 4_u_uLu/ VI <Gu^3l<i Lu-La 4_La|jj>. /cJJ9 «_i_ujJLi 7c_iis_a ( l * 

SajJl-Uj^— ill /<u5ill * LuaJ La-aj i ^J^~~' ( ^ ^ 

T4 j^-ijaljj i ntl /<u2i!l * LuaJ La-aj i ^J^~~' ( ^ V 

■CjLaaJjua ^j^a 4_La|jj>. «JL2 ^-^J 4jjTl>iJ La j ^— »M ( l V 

.*-LJ9 Sbf 4- L&j^jj i -lj I La 1 , 1 (_^ajL-aj>JI <Jb] ^Jb La( ^ £ 

.ajljjxlt LjlaAJ i-^jJ i—ccoa. * liiitl CjIjjI Lg-La » ii^i" ( _ ;F jJ1 -iljil £>£. Oubo ( ^ 

:(Uai.) jf (*-il>u») _> t_^| ( 1 1 

.«LLaj ^j-^^J ' 4 1 1 n < Lsoj j-j^aJj^aJI i Ju aJI ^j-* 3 » '-^ a J>_3Jl>. a I Jl^-"i i nl JjJL>iJ (I 
.(j_aJj^=JI (jyJLc ( . il i^-itl (j-tj iVit Lg-a I Jiitli-u 1 Jtl£. 4j^-ijaljj i ntl /*uilt ( " m aj CjJljso (uj 
al.}VI (jl >.nt <LJLc 2j^L-a j-Sjj lLsj" ifuJ (r 
■7t V> i nt 7t Vi , n (j_a (JLajj^fl J^—i i"i Jj_uL>j jj4> (^^L^JI i_3j^>JI <Ujlj ^Lg-a Ju»-I ( J 






A^pt^iJI ijl».yi>Si.l (W 

Jj-llirsll *-LLUI Ju»JI ajLa '£— 4-JLl aJ^L-a J-^JJ lL^"i miJ (f 
SlLcuJI oLa IL. Slj^/I (Jiiiu «Ja2JI j_^_9_SJ 4_i3L^= LajLla 4.1t.ial? 4_JI_c tt Vim 4_a^«j 

JjjJLso ^_ /yXjljsJI i_3^>JI ^J^'j A 1 j " > LaJeJj (< ! 

^IijI^JI < im i n s\ 4 la j i ■■ 4 It ("ill *_a ' ill ^— »"-*- * I J j ' ^" » U. ^ T I a Tj ^ , „ 

(jouljJI *_a illl^-M^VI J^i2j 4 It ilit I x_a ilH^-Ti^^l J^iiSj * V-iritl il^^j-u 

(-SJl^j « La2JI SljV ^JLc 4JLla j^jj lL^" miJ (j 
SiibfaJLj aIjVii^.^1 J^>o 4JLJJI ajila iL. J*l«l]| (jU-Js 4J1A1I «_a idl^-i"OM J-^>o 

.gJflUJI j^kJI "oU LJUJI o}L^Jl lLVh^I (I 

.4_JLl Su».li] iuj^j^JI giaiil Ciljj! from" (m 

£m A , „VI -»■'--... I « jjaljlj Cj| j 1 ..^— » ^ J^>-J (^J 
. * Vlritl £-Jj-"-u ' ; 'I i^ltLl (_,^-t*l J 1 ntl ( . il l^itl flj-ll Jl>.| jj^O » Vliitl JijJl*. 4 jo i n"< (^J 

.l^T.tLui ^^-1 <u V t^aJI lJiJUI ^1 ^sil(n 

.CiljjVl lJiJ3j gJflUJI J^JI l&uua .SjJjUI Sjlj^Jl <jru 52}U]I ^il (Y^ 

.S|jVIj-^.l^(YY 

.^liVI 3rtl^i-j sbVl >**. u^ 5S}U]I ^nil (YT 

.S^biVI J sbVl > »fiC ! jj4S>LJI c> 4il (Y£ 



ytj'tflSjb-jJI 



4jP-i 



gLIil LioJLi^ 



Cutting forces jiaiJi i>a t gtjJt J^J! 

(j^. ajsoLlII SjJjJIj r s (jr^iilt (jjutll LojLLo (_^jul1! <ujj)j-»iaJI SjJiJI 4 1 i^i-a^i ( _ ;r a> r z aA^—i]\ * V>7>\\ SjJ9 

« t-Stl 2j^ jl jJLa JlJJ^>>J 4r (>J'"j\p^ (>JLsL«JI (jl 9c, i >■" J .F S]\f *JaJUI el jL SJLLfqJIj ^^IjJI i<tl^— ",^l 
(j^fitl t^gj" i n a (Jj^a 4jjlj jl JuLa JJlJ>o <j^l!Ij i— 3j^>JI 4jjlj (j-ai-VLj aljVI Ljljjj 4 U i"itl S-iLa f-jj Lajfc 

.Lfc^utj CjL&UoIj aj_a^=Jdl (J_a2JI 7=-^JJ - <_L4=lA!I 




*JaJi!l SjJ9 *>^J : . £) J^=lAII 

:J^ <>* lSJAJ-^ 2^^' °J^ ^^^ (1)1 

aJ^I 4J3jj^a tiJJJL^=j < La *JuLaua jl 4-iij>I ^LlluLLU CjV^I jLll^I ^LULj j SJ^I SjJlS l_jLlo^(^ 

■ «Ja2JI *l_uf LjJ ^j-Clllu ^jjJI ^j-ill Jjjj^jII 4j^L^= 4JLlaj » Virttl oljjf ^-uu^aj (<_J 

.4^>J|_Lll oljljjjfc^lj ^j-ill Ja Vi"t aj^L^= S»Lm^j « L2JI <~»VTp^ ,^" (£ 

ULJJI c^lli ^^ d-po Jj>£Ltl oLLwJ LloL^j ( Fixtures) oMJlAJI oLula ^La-L^S (j 

■» U /1 II ^^3 ^.uG Cl>iJ I j^~ >j •*■" ' 7r 1 uJ 2 2^_<u 
Lsolj CjljljHibl Jl^-IjJ calj^Li 1 ah CjjJl»- Jla ,_Lal_a£. jjjG l-llluJ iLlj jj£. « La2JI SjJ9 (jl ili^^La l.l-sj 
.^-LloI x-LslS Jl>- (jj^->"j 4^ajj i nU Cj^LLloJI tt V-i i nl_) JO^ i^itl 4 iil"i-!eja JjlaLla jL>.l_a3 1 sjjLseja Cj^fl ^jc 






Calculation of cutting force jl»2JI3>&uU#-{Y.i 

Richter, Kronenberg, Jla *ULi sj^ f li j^j .«ulaS ^^lkil *>>Jl ^k^ a^l^ a. 
cjjL^ 4. liUi j ulsiM jl>t e^>JI gJaSil i^jS jjj^l> Taylor, Merchant and Kinziele 

^ U^= gJaSJi sjS e_sL^ ^ Kinziele J Luj 
F c = b . h . k s 

k s =k s . L1 /h z =(3-5) c s 



p-a^ = (_pjljJI (_p3j^lj pJLa ^ = ( _pj|jj| i s \ pi ii LaJtlc (^yCjjJI *_LaJi]l aj^S (jr 4> JV S J | 
.x-LaJUl i_3j)jJi ^^ajj (J^oLla ^^yjfc Z 

- i) Jjjt^JI (j^j Z j k s- i,i p-ii 3i-j3 



ytj'tflSjb-jJI 



4jP-i 



gLIil LioJLi^ 



K 
kp * mm 2 



[kp * mm' 2 ] 



176 
199 



0.17 
0.26 



50 
52 



0> i^j-Uc 



211 



0.17 



62 



\ * l5j-^ '- ' > ' ^ 



222 



0.14 



67 



ck £oc,45 o# J j^\ u }[^i. 



213 
210 



0.18 
0.26 



77 
77 



ck vc,60 o^j^J'cP^^ 
16MnCr5 L ^^L^c 



225 



0.3 



63 



18CrNi6, 



224 



0.21 



60 



34Cr Mo 4 L 



250 



0.25 



73 



42CrV4 L 



174 
192 



0.24 
0.24 



94 
HB352 



55 NiCrMoV 6 ^M^ ^ 
£ji~ 55NiCrMoV 6 



255 



0.18 



60 -70 



I J i^ilt a alJLa (_JLa 



332 



0.22 



JlL^s i^j^useuua (_J.Lg> 



160 
205 



0.17 
0.19 



30-50 
Re 46 



O-^rh 1 ' >*j 



95 



0.2 



hB200 



\ - LpL«J J-^>j 



116 



0.25 



HB200 



Yo (_^jLoj j_<kj 



65 
78 



0.24 
0.19 



HB80-120 






65 



0.24 



HB30-42 



a |a^a-U^a_aJI 



1 ON/mm 2 ^jL^j gj^ajngjUl ^ jJjL> ji/=-, kp/mm 2 






:>- i Jjjl>JI f|jw*Lu,l ^LioU^M-a 

t_c^o ij^jlll « La2JI sjJS ^i^>^ VjW'J 4t ^'"* Ji + "'"< 4-lL<U1 ^1 «fr g-^ii]| i-flajli <-3^Ll>-l ^^'j-^ 

J J* nil Ju£. <L>.j.} Yj (_JLa Jjt nil aJL»- IL. CjL>-jJ 4" i u ^£. i_3j^>JI Ajjlj s -i Ljj J-fi Lj aLclj-l W — ^ 

(*Ja2l\ fi^J-Lju (_JLa iJ^Lcl JjJl^JI l_ljUd Ig_ajLJr"inl ) AjJl^Uj^s «JaJ3 elj? a I jLJeTmi I J if *A 

(Sjjj^^Wa Sb?o>Lc.t Jjjl>J| ^jjUJ^-^jl^I^I ) ^UStl S|j|cJiJjm;jlJL L^.3 \,o- S,X 

ujjLjeIII LbJtJ£. Oj^I (_P-Ilj A rtj *>■>/;* ^ YO « UStl ( ^ £ . » UStl kcj-uu <_pjj Laju£. ^ ,Y _ ) ,) 

Calculation of machine power j!»21I3>a2uU*- jr.* 
P C = F C . V/102. 60 [kw] o^U P c j^sji sjjS c^^>J 

[ N] gJaSJi s^sj 4^Uil s^=jil F c [m / min] giasii ^^ V 

.CjIj JJ ^jj-lJI Jjpel] \ * Y JLlj 4-g.l nit 4 rtj^jJI Jj^ell i_3Jl^j 1 * (jr Ll 4 -1 - .. ^Tl 

4JVI Sjjii (jLa < L4IU ^Ijj mjjJI idl^-i"OM 4-J U^ljj>.? Li 'd> J,,, -> 4- ^^' ^j^ 6-" O-^ fjj'^ ^t-uj 

T\ sjJlII! J^UTllJ J^U-a aLclj_<w t_<.L.a.-»o iTiM SjjJs jjls I jj . *Ja_l!l SjjJa ^ j^=| Jj^" <j| uxi 

:JLLa^=(LbJ) 

Pmotor=P C /M [kw] 

LglJl-LLa ^j;" i n aj 4JVI j-**J Lijj * ,\ JJ * ,V tj-u T| 4-a-iS jlTiivj 

Cutting force components fl»2JI3>&ijLjS>«a.i 

(_$| ( 4jijL£ j^L 4Jjlj_) slj^M ~t-,„ ^^Ic jiij3 rj^jl^-iJI «Ja2JI SjJS (jl 0- i) J^-i Mill (j-a tt i >i"m 
.(j^itjtl l(ji>it^ JLi SjuaLtLa CjLbL>ol 4j^Ij iL. J_ajt3 CjI j^->j-a 4j^Lj JJ L^LIaj (j^~»<ij 

Fe J F c JJ F T 4_J^=J! ;^| J_JL>J ^ gS2 ^1 j 35>ISJI oUUJVI ^jj (Y . I) ^r,A\ 

■ FrjF f jjFeJ.iU:^ 



yIjVlSJb->JI 






Sjaj LSoJLS^ 




gJaSJI SjS CjL^j^ :(Y . £) J^-,,t,tl 



jj^l SjS j>a "\v% Lj^j J^-i.t.'j (tangential component) L^UXI s^=jil ^ F c 

(_c--^j ! jj .^ylcV aJLjuUI *_3j> (^JLc Jjjjlj L^Lls jijj jAi-uf L )\ *£al\ <_,!>. (jJLi 2^151 olut, J-«-*3 .aJL^=JI 

Ct-LpJ jj^~~ '_' iy i— cjyjj /«JL5JI <J-«l-»- (j-« jj .".^— j_jjj "i? jl (_c--vjj « La-SJI al.il £_ 4_lsL^= 4JLla j-2j3 

.iA£=ai\ j-kui sjS <>* yv% j^-. ,t,-j (radial component) aj^L^i ~^=jX\ Lr A F R 

cjMJlAJI .^JLLiiJI ^IjbJj jl (j^-iij L^i^a j>jj 4~U uJI <j£. Ij^^j «Ja2JI s|j| *_a.} C;r Li a^lHI oJui> J-«ju 

(_c--vj I jjj ; ;^-j II ojufc j-jjLj CaJ ^ljvj (jl (j^a-qj LfcjlaJa ^ Y < LjJ^ola ^l ^1 £>>JI Jij-Lail Cjlj 
J 1 1 ii a jl (<L^=^tLa 4jsI_l>.) dJjj^ILa J-Luua .» I JiitL-u Li LiUjj x_LaiiJl 4 iiV-iia ^j^a ejjJiJLi A U i"itl .}l_u_uj 

.( steady or follower rest ) oj£ 



^kaJl »jS (> 1% J^ .'inj (axial component) Sjj^JII £^=>X1 ^ F F 

.L^Luiu ijja 4~U Mitl ciLa ( _ ;r ic. J-a-*J L^-Lt^ Jij j » Viritl al J I .ajJij AJsLcj ^£. l^al\ ojufc Jjwu. 



Factors affecting the cutting force jlaaJl^ykSjj^tlJal^l jo.i 

tj^yJb Lq.l3 LiiijLsoJ (j^ -1 <1J f Virttl (^3^ (jr^ 1 J-^P Sjj'i^— > (J^al^C i_*JI_Li4> 

.X-LlIII s^SJ 4_u_uUJJ ii£=jJtl Jj^J » L2JI (3-*£. aJlLjj JU£. (' 

■ A-LmLJll Aj^=jJ,I Jj)3 AjjJuJI ic,j_<_u S-iLjj J if ( L r J 

.* V>7>\\ S^J9 Cil {^—ijjj (J^= (j <■> a ij i_3j^>JI 4jjlj JJ^J LaJtlc (^ 

« LaJllI ^jS J2j (_3-JIiILj j t. <<tl^-.~^VI J^j ^^Lkll ajjIj 2 jLjj j if (t-i 

(jaiJljJlj 4 It i"itl ^T^ 1 ^i-!l^~~'"">-^fl J^aLta JJL (^yJLjJLlj SjIj^kJI 4-»-j.} J-o3>J x_LaJi]l <Ulj_i_u I jLj Jiic (^ 

S-ti^aJI « La 2 ! I SjJ9 ^j^a ^ a 2 Lj Lj-4 « La 2 1 1 sljlj 

4jW=-itl jia^! Sjii J23 j^ULj till ^-10. VI Jij Jjj3 j» I jLitm.1 Jl^l (c 

.*_LaJi]l 4 A of J j li i" 1 4jjj)j_JaJI *_LaJi]l sjJ9 ^^ JjJ3 4_i]L»JI (jr-iiitl LajlJLa CjI j .ilj-U (£ 






sjJ)Uj 



1* Vintl i^jJ9 JjJljso Sjjjj-iis (^yjii La (Y 
*? « UStl 2j^ CjLu aJlC i—il jihI ^^ La (T 

.^j^ajLSJI j_a-«J li-LLa *_LaJijl 2aJ9 < iL^usJ * Jljt" ml, I ^j^ajLSJI ) ^-— Ql (£ 

S^l^-itl SaJill 4- AJaHI l4.LL.uJ (^ Laj S*Uiitl SjJ9 CjL£=j-« (^jfc La (0 

Sfkrttl Sal ^^ SjJjII (_LaljJ«JI (^ La ("\ 

.x_LaJi!l 2jJ9 (jr^ 1 L -^>*^l *i9l3 J-"'-* T-^5 ^ 

.* V>7>\\ SaJ9 (jr^ 1 £ kaiill <Ulj_i_u j-<3Lj 7t-Loj (A 

.«_La2JI 2jJ9 (jyic Jj-iJjjJIj bJl dhP-^ JtP'-' T-^3 (^ 

« LaJllI 2jJ9 (jyic (_j^3aJL>JI 4Jjlj j_uG 7=-loJ ( ^ * 

lLgjL_iL>. ajjjj-iis (_y^ La J S» l-STl SjJiJ9 < il 1 n~>- /«jj I * - ;^~ > (ll 

.iliAJ! *Li*j| J\ l^^X\ l^=jX\ i-^u^ (^ 
.xJclIII SjjLa ^rJLc *Lb » L2JI aJT jL»1>.I *uj (j> 

(joiSlj «-laJLa 4^-Ll.o.<uJ <L2jJ3.5 / a £0 LfcjjLS « LaJ3 4^1 j ud St 50 L-JLuaJI <j-o C-cXiiaS iLljj>- jljj ( ^ V 

(«-a Y,£ (_gjl ( n < 

:c_il i n-*. ejaJLLaJJ . /<s-a / (jJ_o-U Y * * * i_£jL_u3 JV S J | (jr Cj-L!l x_LaJi]l SjJ9 
.gJaSJI SjS (i 

. » Virttl SjJlS ('-J 

. «,A = T| SjJlUI Jililuil JxLlx jlJc iftl Sjai (o 




-«^ irTtp 1 1 < i ij t i llq -«^ i n 1 1 p 1 1 n i 1 1 fin In II n linn qp 1 1 






J^oiji-tUJ 



iullllSJb-jJI 



4j9.}j 7t U i n al <Lajj<_) 4r *" '«**'ll 4_l!L»_!I Sj>jj>JI (3jri*«." jj^l aJjJ mi 1 1 L^JI ^j-a (JjJLifult I Jjj-k 3 **«!" ft I £-?-<-* 
2 ,1^—. t l a Al^— ."t l £_ I j" ^— . \ 1 ,~„ a l \ J a I j" ' -i * I » i *" 1 -i ^— » i ~ 1 1 a a . t-» 1 1 a ,~ A ^— a 1 1 .. t^ l i , . U. ,*:," , \ «<» jLsj^iI 

.^li>U ^l^-i tl (>ajJI ^ U^=jLi^j glial] 
■Tt-iljeljlj ( ^Jj_alll ( 4_Ls|j^>ij| ' < iSll I (_p-« (j.}L*-ll (Jj-» ("'" Jjj-^ ' * '"'"*• " A-uLUI «Jl>-jjI £—. (JjLUlj 
£ LgjLol jLsejjdul < L^ll^Ji JlJJ^>>J (AJLjlaJL) L-dJ^tltl tfj,!^ J.!*"'" A^Jjis <J^= LtLaiu cJUluil JiJ9j 
t«-k2]| ejJuS j 2ji u_sL^>- ^JLjls ' L&> f-laJiJl <_3jjJi (i^LlJ^I Cj^Vl iilal <*JaJi]| ill ^j^^-j" 
»1 Vif I j • Jj* '"'" ^dj-^ 3 (J^ 3 W^ ("J-*" <jr^' CjLJUjlII jj'^^) TJ-^" (O- 1 I o^~~> • f Virttl (j-«j JjJljso 4 jiij^-i 
ujIjJlII -}L*jJ iaL^a j I « UStl Sljf 4_ILjI Ljljj JjJ^>oj t«-ta2]| SjJlS J SjJ9 JjJl^cII Lul ui> 4-lilaf 
jL^»- CjIjjJ ,t*y\ CjLiI i ii^-j (AjJjJJLi 4j-aL>- ClLll i n-fc-j caIsIjJkJI '£— 4 A i all Jjt mi" jlc. tiJj_3elil 

.(JJ/J2_>l!l ^Jj fllj rt J I II ft" 1 1 
<4- 7"^! (1) J 0^^ 4r ^"-^*" ^j^— 1 ' « (J-u^Liltl (j^a »j '"'^— 4_ui^= u?^^ Ji* "'"it I 3j-^ o^ 1 <-i-j^>-tl ol 

* jVi" i uJ d-po (J-=eja j-<£. jl i^-i"^!-) l(jia ^j-uLjj "ifl <JjL<J («-! IJJ <sJl>-Ij <UiLjj J-&J L$J "ill (_xjL>JI 

.L^jLj i iiL-ut l j r c 4-Lal ^— " a Sjjj^o L)13 i ~~ '" ' ^JLijJo J^~* 4julltl a_lLjjlJI CjLujJIjI x_a « ijJlJLI 

y jVl" I il < (j^-l tj £ 4j»-jJ>iJ Jill 2j_iIuLi>3 Jjt ("i"ltl CjLJUjLJ aL^JJ J-ftJ-* ^-ij^li' o'r 1 cJj^-^' ? i^* 1 "' ' "' * 

iSj^Is (J^= i— il tj" i ill jj^a A-lL2j i all 4JLi£. A^>. i^_ (_*jjjltlj i_slj_ii^(l ^j^o (JjiaJ J-ftJ-* 'LJI-J Lt^allll 

■ 7t Uitlj i Vi mi ^-i II tc_<j^ i n"itl t j mi (tl (JlLo i LJjLu /<uJ joJ (_jlll ti-Uj (jr^ 3 *- Jj* '"'" 

IL. IjJj'"" ( < "f J - u Lr^' Jjj^aLfllllj j-li^sJI ^LjlibVI ( _ y £.j"iiiij Jj«u,i"tl 3>^ (jt^ 1 '^. L^all i_3jJ«ltl (jl 

■ 4_JLq.tJI CjLjJjjltl 

t^^ U^= Jj'-^'o 4jLjjf ^jjl SjJliJI 2 Jl^^I i.-i<iiAjij 
(. - rtM l • 

.ilfll^iJI • 

•Jj^illl • 

.j^lll • 

.2 Jl»-jJI AjL^J i^_ 4_t>.jjjiltl L^1j^>.| i-.X^f I AjjJiJ CjLjjj Jj j-^jli J L<a£ <J^= ^1-4^ ^4-J 



iullllSJb-jJI 



:3>lJi*II 



.7rllu>U 4 i ia a se * I , I 4 *l^— »" il *_a ^iTlL<vU 4_JLc 2 Jjjs. Jj_uL>iJ Jj q < Vi i_3j)j_Laj 4_u-uLU,l 

■ ^-tLyTJ I j j-jj-all I (aIsIjJkJI ti_-cSlll (JfLa (J-ti iful!l 3j La (^ylc i_JLLaJI i ^j »"_' j' 
.(JjJLiluJI ^J-^ 3 Cy 6 4 -^d J H 3 (J^ 3 f'j- 1 ' (jr^ 1 S-^" 3 -^ •— ^j-*-y o' 

.4_iLj_k> J^— u x-LaJiJI (j-«j J f Virttl sjJ9 <_ il i n-*. Jjj-* 3 (jj-^ 1 S-^" 3 -^ •— ^J-*-y O' 
.4jj_La_Lll CjLjjjlil CjLcL-u <jL<£l 

: 3jlJL*JluLliai« 






luLxJISJb-jJI 



Drilling luuII : jutlal I Ji^l 



3 



.23 (Ji'-ljiJ i-j-^jJ *-La-3 LiUjL^=j < (aJL^j-JQi . iri" / t u n -U jl £ ((_piJjiejJI ) <_i2j x_Uj/jj 

CjLJLjjlII j-a J^— it "Lu-uLUI alj^l aj-Sj t< . i (Till 4jJjJ jl L-iSj /o_l*_uj x_u-ujj jl i i . < rt"1l 4 jl or J j ii i" t 
4.c-LalL.u.U AjJLJTJI ^^— j^ 4_uli]|j 4jp|jJ| . UStl ^^-.j^ j^jk Jj^l '• C*~ ,£ — -j^ IlloZli 4-ajl qj| 

AjJliLlI 4^=jj*U -S$»-J Vj » Virttl ij^aj^t- juijj ^pJ! (yk .t-irt'q oljiV! jl 4jLJUcj i_ajl!l 4- lii^^Lj 

< i l^",t l . U*a [ >. ,^,*i 

.<_l2UI 4jUf 7t-i-i3JJ O . 0) J^— iSJ| 

U-c^JJ (Jj^C C-c^J 1_LUJl^3J JlSIJ JJ£. C-c^JJ JLfllJ t_^JJ Drilling C_l2j]| 7=-^JJ (V . 0) J^IM.tl 

<(_jijjieill i«^jjjjji!I jLa iilistil <jljUf j Counter boring <_j^2UI *-jj-uj3 7"^jj I i^-— ,_,**-» 




I U»fi:0 -o) J^M.tl 



iullllSJb-jJI 



5 5> "^ 



i 



^rm 






vw 



£LulL£ul£u 



^ ^fg^| 




Hi 



[ffi 



VW 




...rtitl oLUii ^1 : (Y . o) J^-,,t,U 






iulillSJb-jJI 



(u22il3li))uL22tin.Y.o 

■ Ijj'l^— > I ■ riTitl Cjlj.il £"J-LlJ L_SjJJ!l!I (J-U-uLiLaj (Jl^— I Mil f-J-^-I ^tP- 1 

j (<jLj v — ^ ,j-a jUaSL a^l^ o^yL^ 3 4- -^jdi Twist drill ji ±& LoIjljbIlJ Uji=fj 

<Uj_LaJI (jjLtaJ-I Sj I ■ ^-— » J I i_3j_>JI LJIJJ j"-^ J ^ 2)_lLl<3 < 'J S!i I J /«JLa * ,A — * , I £ya 4_loL»- (j-u-uULa 

...i.^it °ua jnn^ 03^=^ i^uVi a^ijji .sjJL^ji 3 ajl^ji oUujj s^Luaii l^^ji Ujjj 

jLliJ c_J_aJLII 4^lj .fjjJ^Vl llLjLllJ ° U • Jpr»j LH lfl fc ^liiiSL*J°UO JI U- <>AjJI j 

■ Qjl'^ttl CjLaUel! oj._Lt.Loj LjjJaJI CjLaUtl! ajjj^-i <_JjJ Ajjlj ) aJUAII (JJl»I L*jj 
■ A-alTtJeJLl 4j|j^lj ^jjJLsJI <_iIalU 7t-LOJJ (V . 0) J^lAII 

.i_fljJaJI 4- c->LsUJ jj>LaJl c^uinJl (3^2^ 41*4* : Taper shank Ly L 3J ±x\ 1 }LJ\ 

(<l5J C u l xZ iI (jl^~» a j-lSjj 4"o(j aj slj^fL) <LajJiil 4 rtV-w a ^_ *JL 

.4jJlUj-^=JI « Lull 

(JjLlu (Jjj-oj J_(j i nl j (. 1 ii" 1 1 <Ji»-l-} (j-« (jlijljjl r-ljj>.| 4"o(j a 

■» U /1 II a a la * 1. JjjJjjjIj JujjTJI 

L«jj 4-loj^i f-jJjjj c-i^ il JI ^_ l_iL2!lII Lai iVi 1 ill (jLa-Lo 4"<<i(ja 

L_)L 2iX I jla^J 



: Cutting part u^Vl 

:( Flute) (jijljJl ^j^a 
: Magrin JJjJI 




JLJU 

J&\jl\ 

JJjJI.i 

<-iLualll .0 
' lSILI I Jj -1 g . A 



.^jjL-JI L^LSiUI : (r . 0) J^-,,t,tl 



iullllSJb-jJI 



ij^JI CjLu-uj^oj (-.^liUI ^j^a 2 JljJlC pl^JI 7t-ti5jJ ( £ . 0) J^— ifuJl . 



^S^^EECZB 



_J iii CjI*-^« 




OP ffl PP 



UjJ cAjd 



.c_uL2HI <>a iiJlko £J_$jV iJlal :(£ . o) J^=lAJI 



iullllSJb-jJI 



(J_jJu>JI .< sj-Sj i^ya 1 ■ I V-> 1 La Q^s J j a " ^j^a ^j^— > aoll i ( t-Slul si Jl ^j^a Jl>.I_oJ| p aiJI (j-« a JljJlC (j_u-ulJLa J^>-_a3 




■ (-Jj^JL g ^JI i_il alLaJy <Lcj-LLa (jjjjjLLa : .0) (JjJl^>JI 



iullllSJb-jJI 



Counter Boring uj2fr I j^^j ( t . o 

A * — A ^j^a jLLa^Li {^Aajij^eja ^_ai^(*_u-u_a2JI) (jlijjjjejU a JlJt" i uJ .ujjIV-iU jUnU Jj^aJ t _,^— it 4 t j , njj 
tjl j.2j i aX ^* <Ujlj_)j ALfu^jJI (j-"jjj (j-u-uIaJuJ VO <i_sl_aJ»JI <Ulj2 "I* }JiuJ aJJuLLa hlj)j_>j /oJLa 
f-Jjl «U (—ijjjJL*. ^^^a^ta l1UJl^3 a J*sr~ i u < .ALi^_ul (_>"_jjj liij - ^' *i9 13^19 ** ' * J " ■ L>"_j3j 

Liajl ciJLLffc .<Lajj<_L!l (jyJL^. C-cSj <jr^ (Jj ' «a *> J I <J^^>- (j-° j)^"" 1 <1J <(_pijljJI r-ljj>-2 4_ujjJL>- i_£jl-3=ja 
jl J fi<j\ ' . .^~tl £_ 1 j* " j ;^-— ' (jij^ieliJLl 4jJlJuJI kcj-uj .Jjt mi"! I 4j9.} ^j a ' ^J mJJlII (JjJjJI jj (jij^til 
(jjjjjLLa 7c_iisjj (Y . 0) (JjJl^>JIj .ujjJjiiJI x_u-ujj CiLI of flj-il J 5 - 1 -^^ (^ - 0) J^~i '"<tl ./ 0* — V* 

.« 'J £ ' 1 1 *-u-u_oj CjIj.}2 4x.j_lLo 




.(_j^2i!l j-fj-ujj oLLtf, : (0 . 0) J ^-i Mill 



iullllSJb-jJI 




<_j^2jJ| s-jj-ujj CjIjjI (j-u-uUU AJiuai :(Y . 0) JjJu>JI 



luLxJISJb-jJI 



Reaming ujaUI fwuj ( t . o 



<LuLijJI CjjLajJI i— <3j (j-*^ l(j"j"j .jLsljI AjSJij /flJLa * , * £ J I (J-»-iSJ Tc-Laj-u 4-aj-*-> Jjrt** i I ■ liVitl CjI jl or (j! 
(«JLa * , * * J I (Jj-iiJ 7r La i n <Laj-*-> (jii-^jj i . liVttl «-}j-»- (j-« e-Sj-ajJI x-Jllmjj x-3^jj .11 1 U (jy jfc sj uiC 
/CJjLu CjLJL^C ''^'" <_<--vj i LiUj ^j^a (jyic.1 -}L*jI 4J2-SJ <LajJti! (Jjj-ajilj .11 O I j" j"j .jL»-)l 4j9J>j 
^jLa-'i n~ .11 D 1 (j"j~J .jLjuI 4J2-i J («-La * , * * \ iJLu 7t V-i i nl <Lojj«_LJ (Jj^sjJI £ya {j^— i <i i <jP-Jlj t_J^2!<JI 
^MjU , ,,Vl s.j^>J|j *_LaJiJ| <-J q-C jjiii"^ Lg-La (^ylajjjjeJ,! *j^>il <»J-2j ' LtLsLJS IJl>- ^ £ — *\ CjI j (Ji.lj-1 
.aljiitLij/l Jtlc *JLa *,^J AjjIj ( j£.lj r u AJJ u lL S /flJLa * ,X AJjLui^a i-LljJ ajj ■ * Viiitl x_iijjJ Jii i^t r^J-^J 

d = 0.005 . D + 0. 1 [mm] : 51>ujl. ^kui j**. t^^o .,u,,Mt iLta j^lj., 

(Jj9 fj-L! icjJUa (JjijjLLo 7c_iisjj (V - 0) (JjJlj>JIj .(_jj^!<JI ^ _L t -U CjIjJ2 ililal Tciisjj (*\ . 0) J^-i i"itl 



pq pq pn 









iullllSJb-jJI 




i— i^SlJl ^JlJuH i\j>^ SjJuLLa (j^ujLla : (T . O) JjJu>JI 



iullllSJb-jJI 



U^Aul AxJjJ (0-0 






3^ 



* 



±k 



0,35 



0,5 



0,75 



1,25 



1,5 



±1 



50 



125 



Jt59_ 



^55" 



~TSg~ 



"TOT 



12 



"SET 
T 



3Q 

28 



u-s^Sj ajJ^J S|j| (J-ujjLII SJlal : (£ . 0) Jjj^>JI 



iullllSJb-jJI 



£LulL£ul£u 



s-jj-ujjj <<_j^2jJI (<ul«-<3j t(_(rt*itl 4- f t»iStl <_3jjJe 7=-<-^>J (V . 0) j ("\ . 0) i ( . 0) Jjlj^>JI 





(j^Uj 


LpUj jjbj 


60 




>©• - >•• 


1- - V- 


V- - u 


£. - T . 


^kU! 


♦A- O 


\1- »,1 


\1- o 


\i- O 


4JjL*l!l 



i_lSJ!Lj » Virttl (_3jjio : (0 . 0) Jjju>J! 



^^ 


j^j 


c^ 


i i I Z~. 1 1 . U*a 


V • - • ajM^ 




<S.£Lu> 

Y-- 


1 • • > AJ>L^ 


\ • • < 4->}L^ 


0.2-0.4 


0.4- 
0.7 


0.3- 
0.5 


0.3-0.5 


0.2 - 0.4 


25-40 














0.3-0.6 


0.5 - 1 


0.4- 
0.8 


0.4-0.8 


0.2 -0.3 


40-60 


6-10 


8-15 


6-12 


8-12 


6-10 


jJaiJI ic^ 






luLUfiJb-^! 



SLull&ul&w 



2jJ-i / /oia 4jJl*H]I icj_<-u 


, .IS-.tljUa 


^_^yl 


j^j 


c^ 


O^J 


Y-- <Sj,>L^ 


Y-- >)o}L^ 


V- <^y^ 


V- >ajM^ 


0.63- 
0.8 


0.25 -0.4 


0.63 - 0.8 


0.11 -0.18 


0.25 - 0.4 


°(> 


0.8 - 0.9 


0.4 - 0.5 


0.8 - 0.9 


0.18-0.22 


0.4 - 0.5 


5-8 


0.9 


0.50.56 


0.9 


0.22 - 0.25 


0.5 - 0.56 


8-10 


0.9 - 0.1 


0.56 0.71 


0.9-1 


0.25 - 0.31 


0.56 - 0.71 


10-15 


1 -1.12 


0.71 -- 
0.8 


1 -1.12 


0.31 - 0.35 


0.71 - 0.8 


15-20 


1.12 


0.8 -- 0.9 


1.12-.25 


0.35 - 0.4 


0.8 - 0.9 


20-25 


1.12- 
1.25 


0.9-1 


1.25 


0.4 - 0.45 


0.9-1 


25-30 


1.25 


1 -1.1 


1.25 


0.45 - 0.5 


1 -1.1 


30-40 


1.25 -- 
1.4 


1.1 -1.25 


1.25-1.4 


0.5 - 0.56 


1.1 -1.24 


40-50 


1.4 


1.25 1.4 


1.4 


0.56 - 0.63 


1.25-1.4 


50-60 


>1.4 


>1.4 


>1.4 


>0.63 


>1.4 


v < 


12-20 


7 --10 


12 --14 


3 --5 


6 --12 


*JaSJI kcj-LM 



*_LaJjJ! £-JJ-<-u < j\ nail (j-° g Vinll 2l-ii 






. o) Jjj^J! 



luLUfiJb-^! 



SLull&ul&w 



(jl^itil jlUaV ij^uiJLi (2jjJ / /oJLa ) 4jJl»1!I kc.j-Lu 


4JLJ9.} 




63 


50 


40 


31.5 


25 


20 


16 


12.5 


10 


8 


6.3 


5 


0.63 


0.63 


0.56 


0.56 


0.5 


0.5 


0.45 


0.45 


0.4 


0.4 


0.36 


0.36 


22.4 


st 60 


0.18 


0.16 


0.14 


0.12 


0.11 


0.1 


0.09 


0.08 


0.07 


0.06 


0.06 


0.05 


12.5- 
10 


1.4 


1.25 


1.1 


1 


0.9 


0.8 


0.71 


0.63 


0.56 


0.5 


0.45 


0.4 


8- 
6.3 


0.36 


0.32 


0.32 


0.28 


















31.5 


0.32 


0.28 


0.25 


0.22 


0.2 


0.18 


0.16 


0.14 










40 


0.25 


0.22 


0.22 


0.2 


0.18 


0.16 


0.14 


0.12 










50 


0.63 


0.63 


0.56 


0.56 


0.5 


0.5 


0.45 


0.45 


0.4 


0.4 


0.36 


0.36 


31.5 


(ju<L*J 


0.18 


0.16 


0.14 


0.12 


0.11 


0.1 


0.09 


0.08 


0.07 


0.06 


0.06 


0.05 


25- 
20 


1.4 


1.4 


1.25 


1.25 


1.12 


1.12 


1 


1 


0.9 


0.9 


0.8 


0.8 


14 


0.36 


0.32 


0.32 


0.28 


0.28 
















50 


0.32 


0.28 


0.25 


0.22 


0.2 


0.18 


0.16 


0.14 










63 


0.22 


0.22 


0.2 


0.2 


0.18 


0.16 


0.14 


0.12 










71 


0.5 


0.45 


0.45 


0.4 


0.4 


0.36 


0.36 


0.32 


0.32 


0.28 


0.28 


0.25 


80- 
63 


f\fcH>*y 


0.18 


0.16 


0.14 


0.12 


0.11 


0.1 


0.09 


0.08 


0.07 


0.06 


0.06 


0.05 


50- 
28 


1.4 


1.4 


1.25 


1.25 


1.12 


1.12 


1 


1 


0.9 


0.9 


0.8 


0.8 


25 


0.32 


0.32 


0.28 


0.28 


0.25 


0.25 














140- 
12 


0.32 


0.28 


0.25 


0.22 


0.2 


0.18 


0.16 


0.14 










80- 
63 


0.32 


0.22 


0.2 


0.2 


0.18 


0.16 


0.14 


0.12 










140- 
125 


0.5 


0.45 


0.45 


0.4 


0.4 


0.36 


0.36 


0.32 


0.32 


0.28 


0.28 


0.25 


20- 
16 


YY ^jUj 


0.18 


0.16 


0.14 


0.12 


0.11 


0.1 


0.09 


0.08 


0.07 


0.06 


0.06 


0.05 


12.5- 
10 


1.4 


1.4 


1.25 


1.25 


1.2 


1.12 


1 


1 


0.9 


0.9 


0.8 


0.8 


12.5- 
10 


0.36 


0.32 


0.32 


0.28 


















20 


0.4 


0.36 


0.32 


0.28 


0.25 


0.22 


0.2 


0.18 










25 


0.25 


0.22 


0.22 


0.2 


0.2 


0.18 


0.18 


0.16 










31.5 



—SjJiiiJI x_iajjj Jtlc *_LaJi]l i_3jjia :(V~ 0) (JjJ^>JI 



iullllSJb-jJI 






4 speed pole 

changing motor 

off/forward/reverse 
switch 

speed control 
switch 

hand feed lever 

spindle head 
Morse taper spindle 

column 
table slides 

work table 

table elevating 
handle 

table elevating 
screw 

base 




column drill 



.Upright drill ^sis ^iz* : < v - °) J^-» *<ti 



iullllSJb-jJI 



(jl J ^- 1J J i_JLaJI jl >AjJI (j^a g-l^ajj iAllseJtl ilVl *lj^-l J-«^>>J ColuHHl rtuLUI 

. a J i la i t, I Lib^jso (j-a (j^~» ' (_£jL*ja 4_i (jj^~»~ 

.4JL.SJI o^uio igia^-a .*j=jjxtt iLll jl iblj jj^^" jf ^ Work table sj^iU 

.4 lil'i'reja *_La^ CjLc.j_<-u (jr^ 1 (Jj '^^tl (j-a (j^~i a-i .ajlj^fl (jjjjjj <Lcj_aj5Eja 

.LjjJj jl LlIT AjjJuJI <L^=j_»- J-Lfl-JJ (j-a a I J^l £* ^— > 1" I j" -1 j a AjjJuJI <Ulj_a^=ja 

■ liJj^— 1 aJI (jyJ^iii jl (jyjLS (J-^ 1 ^ <— Sjia f Virttl 2l.il 1 £J 1 nLa 

.<U VI J-ua-La jl i_x2j (JjJj jl <LajJLa jij^-* " (jl ^j^-— 1 ' 4 U Mill Cip.a 

2lj>U 4_uljjjJ| 4^=j^>JI j-f3j3 4"o(ja ^Lij^^aJI JJJjII 

(jl <lil-w '£_. J*ijjl\ CjVT ,j£. 2Lt>.tiJyi CjVVI j_uj^ . Sjd.liiVI C-diJI CjVT <>a SJjJl£. £^1 Jl^j3 

ejl-sVI sJlacI JJuu : Jla £^^1 (>«j Jjl^'t «JlC CiLuL^aual L$J jJ2 i^JJJ ajjijl flj)in> J^=>l <jrt^' 

a^=l36j]I A-ul^-iaj CjWI (j-a £j-l!I I jufc 4- j43JJ 1 o^-> cSJl^Ij ajinla A^J £-* «JlaC.I «Ji£. xjLjj 1 

i_cSlll oVV SJlal 7=-^3J (A . 0) J^lAII .MjJi^^j ?:IjJVI kcj-uj jr\< U^a J-uLilll 4- <jr"»4p' 




luLxJISJb-jJI 



gLulLSJJLS^u 




radial drilling machine) 



>.l3J] t_^3 cjVV illal : (c_>-A . o) J^.M! 



iullllSJb-jJI 



: fjl L'J 1 jj^j L2J u I j -i j » 2 a « la 25 1 1 * j i "_a3j ' ■***'* I ^_ » IaJU I 3 ^3 (. i ( n-> i 

F = (f.D/2).k s in[N] 



((j gJaSlI J^ ^1) ^LSiUI j-Ul ( rt.^ Y /D 



(sjj-i / («-a) 4J t 



K s J 1 J Z J^UIIj h ^^IjJI ('Urn il^JiJ l_ccaJVJ ^pilj 1.25 K s (^jL-uJ ^yjfcj (jr^-J-^' *Ja2]| SjJ3 k s 

.^iLsiiLi a^jJI ajjIj (^ a ct^p. .h = (f / 2) sin a o>}U!l <>a h ^iuljJl clU^ i+& ±^>z 

:a!>L«JLi i_cL.a--^T^ » Virttl SjJJ9 Lot 

P c = (f . D 2 / 8) k s . (n / 97400) in [kW] 

Pmotor = P C /Tl in [kW] 

Cutting time ulu) I ^ jIliJi ja} ( <\- o 

tjj^ajLSJLi x-LaJUl (j-«j <- ' ' 'i** 2 

t c = L / n . f 

t^jL-uj L$jt 7r i>i"j C\~ o) J^-i mJI (jja .ajjulIJI ^ij-^u g-la2JI sbl L^sjj^Ij fjjJ\ a^L-uII ^^ L 
L = l x +l b + l wp + l a 

l x = (D / 2 . tan o / 2) ^>uji «>• l x ^^^j 





tk/ — J. 


1^1 


pa 



ujj^l icj^oj ^cjUrtt.1 i&LJtl : (\ . 0) J^uUI 



.lLUJ Tciisj <|_£jj>-2l (Jjt (""ill JjjJaj 4_ijlJLa ■=> » U»a i ~ 1 1 ^— .j a. a J i ■" J loaj < i2lu\ JLl<u (^ ' 
S( . rrTitL) *_La_2JI (jji£. JjJljso /<uj i njl £ —~' (/ 

Sc_cSl!l <JT (j ylg LfeJifAJj j^-— »j (^1 A-tLtLful!! '~<l j ilo»tl ^ * I * (t 

■ l_cSl!l t-3j-C ( 

5i_u]aliU faJj c-iL-m| ^ La (1 

.(^jjJLsJI ujLaiill < . ij^-ijj 7"-^ J (" 
S^jjJLsJI ujLaiU.1 Cjljj^-ia <j-a CL9^~" ' a <J^= ^0(3" <^-* La V 

5<_Jftij]| J^u-ujJ 4-J.q^l Jl>-JJ IjU, ( ' ' 

SUaljJJI j.^ U>.| jJI jJjUl ^? J^= JluLS ^ „j V |JU(^ 
.cJijJI ^LSla j^j Jk. (^° 

.Sf».tiiyi c_^iJI c^Tj-Laj ^JJI Lap 1 

Sc^l Ul\ plaitl^l t>a 4,, ,,-,^1,1 SJlSUJI ^A La ( W 
1 Y * i>Jui 4-ajLiLa (_£j-La <— lii^n £_ /aJLa ^ Y <>j_LaJ9 i_xSj j J ii m Jtl£. « La-SJI aj Jt£ i_il i n~>- ujjJLLa-a ( ' 
(Jir a> AjJutlll <Lc.j_<-u .* V>7>\\ £-Jj-"-u ' ; 'I 'i^itl (j-a x-LaLaJI LkJu*. * Ia3 5 ! _i T aI Jiitli-uL) /a_a / (]>ia-i-) 
4_3_l^Ji / SjJ-i^ * * * ejl jV I Jft-*£. ^Cj-tu £ U*l = O <_jL2jJLI 4jjj 4Jjlj i SjjJi / /<s±a * ,YY 

.•A =T| SjjlSJI J>lilu,l JxLmj 



iullllSJb-jJI 



SLull&ul&w 



Sjj-i / /da ♦,£ = 4jjuiltl <£-j-lm ~ 

^ja = 4 It ("it I Juu La £sL_u^a - 

j a La I ^jj/L>j 4 It ("ill oLa " 



.^us TO = c-jalkXI Jl^LUI ±Jeul\ J^L - 

<ua ^ "I = (. iTTiW j-LaJ3 - 

/<ua = 4 It ("it I (_U^a La £aL_u^a - 

\ Y * = G i_)L2fLU 4jjj <^j'j ~ 



luLxJISJb-jJI 



gLulLSJJLS^u 



Turning 'LhijJiiit j<ijU1I JmaII 



» la X T I jjt i*ii"t A_ 4_k>l^_>Jl j>I Jl^t" i ill j < ase. * ' .(Jjt i~M 4_2jj_La^3 Lbjl 1 11" s\ '^— ij ' L$_4 4_k>l^_^ ajj.ia 

.aJQUlo j^£ ^Jai 4_ J3U1- *>- jl Symmetrical work pieces ilisUUI 

Jj -T* (jyic Lglajjiia j«J tp-I'j iel.sVl Lq-Lu < 4_jjjj_JaJI « LaiLJl <Ulj_i_u SJloIs 4 U ifoJI JjJiJ i 2ls\jJ>J\ £_ 

.4jjjj_jJaJI AjJlJljJI <Lcj_i_uj 4 U i"ill J3->J. ijjlj^a {jljjxla i <j-L*-/0 *_La£ 

4Jal^>JI ". 1 <i A 4lal^ieJU ^jLu-u-Uj ^jLc^J Jt^-J-i ' 4 1 1 i"i ll j^j»J, 4 1 1 » ilL) 4-)JJlJJ| 4_^3jj>- oLjsoz Lt-U 

• l<3Jf j-Ll U-U 4lalj^>JI 4_lL^1 J-tiajJ - 1) J^— 1 Mill ■4j < 3->.|^]| iLaljJuJlj 4_JjIaJ| 




4_l£>.|j 4isljj>. A-^jb 4_Laljj>. 

( Facing) ( Turning) 

4-^iy I ^l^iJIj 4_j^kj| iJal^JJI ^ - 1 J^-,,1, 



iullllSJb-jJI 



£LulL£ul£u 



Types of turning processes "&\j*ii I uLUa t^\ ( Y ~~ 1 

jiaJl .SjJuLla Jl^— ^,| ^J^. Jj.^^tl ^ J^-.^t 4.a.bJei,l CjLJUaJI J" j/'^~- iLaj^eJ,! (j^ JliLu 






*>b 



<J> 




iLlj^JI oLLhl (Y- 1 )J^ a 



Types of lathe machines lajlittl fcl^Ji ( r .*v 

.^—Lsjj^ta a I -k la i •■ a i ■ )l a la ■ u| ( j_L>-lj t ^_j>-jL>. ; 4 1 j-t i"i" < >&UaJLI •- la ■ •■ 1 1 



i_J£| Jla L$la Jl^JJJ <LiaJI j|jt£.Vl t_^Ll3 LaLc ^Ljita ^j Cdlter lathe LtlUI iLajitXI • 

iLljji. Ju^jj 4- Lfralj-selml j-jua^fcJj IloU- iLjita j^jbj FaCing lathe Lt^^-I^ll ilajJeJLl • 
l£' 4_l>.LjJ| iJl (j,^ t_xjjjtlll j^=lj_aj (_>Iij|jJL) L4CJ-I ^>-JJ 2 ■( <SJ: ! t:>t " \)il'^~~' t — > ^ «-faui! 4_i^>.|j 

^Oj (jiii jl^=l^Vi ^ jjjl^j jjuJ ^jLieiuij iUjita ^j Copying lathe Jit^LUi iLj^m • 

/y3 4^r ( n S TrLlllI 4_lLuU I gi-U 1 ' ^j ^— > 1 ' ) 'lls'^jj! pJL2 jl ) rl a £—. p ^— > ■*■"' ) ?r ( n il I j I j J. J Lg I j" la I) j. 

(}lj-a <Uj^l 7-t l d. a 

j_l<w ( ^\^uJ\ gj-> olj ) Capstan lathe j (^jl^ £j_> oli) Turret lathe ^j-J! iUjia! • 

.<Ll»-LIJJ 4JT j- p - t jj Ll«-2j L^^ p^-T^lII pjJ .r-LlJ^fl kcj-uj (j <i i>ij La-a (j^aljjj 

c-culil iUjitaj cjUL^= iLsjita ^j-a sj^if iUjita ) Special lathes i^ii. JajUta • 

L4JI Lfcj_La-l (j^=Jj 1 Aj ^3 j (3." " Lr*"^ £"1?^ Jl»>I jj^-— " (jl ^j^— > 1 ' 4j^>L>JI iLsjJeJU .(Lk^_i£.J 

.<Ll>-LjJJ dajlita LajI J (jyAj .CjL*j-UI (j^a Jl»-Ij f-^j jl Jl>-Ij /tlla r-LjJ^f aJlJt" i uJ 

.Oj_aJ!j {»«JI SjM^-. c6U.t.u r jL^i^ *j».l3i) iUjita t^Aj Vertical lathe ^IjJl iia^i • 

. 1 JJ^=I jf Jl=Jj a>H| J-«L>o 1 (4-LlSjj ^LuL^) iallstx* CjIjJ^ oli f I3JL1 Sj^=>jJ,l Cj^I ^IJJ 

pi Jiieljj/I jj£. lLUJl^= pjjj £ A^Jlita (Jj-iaJ Cj^?^I ojuk IL. AjjJilllj «Ja2JI (JlCj-uu IL. p^-i-=elll pjj 

.4j-aL>- j>Ull_a-a IL. L^j-upj L^slSj Cj^LLJaJI tlajj £_a c CjIjJ^/I j^toJu IL. (_yJVI (jl iri*<VI 



luLxJISJb-jJI 



.JajUeJ.1 (jjs 4-oJlita f- l_jj^ 4-lilat 7"^JJ (V . 1) J<^— ,*:,tl 




j Ala>ita - I 




luLxJISJb-jJI 




gLulLSJJLS^u 



4_^j>.Ij ilajjjta - ^ 







lulfclSJb-jJI 



components of the lathe 2U»^muLJ$& (t- *i 




LJJ ilajja JLu-L-Vl cjU^sJLI :(£. 1) J^-i.t.tl 



4 i -^ I —alLa I 2j>_a_»Jj d",'^— .1 , , ,, j ]a ^ , „\ jjbjj] ^ya » 1 1 a ) .4J2(I «.|j_*.| (J-4_»- <G -i j a JjeQ (_pjj— ill - 

j AjJiiUlj Sjl-Vl jij-^i o*±h (j^L."^' iP^j-4-- 3 ^ ^j^' f^j head stock c-jI_]| cjIjJlJI- 
Ljjj oJj^o <cr jliJI i-ajUl ^ i_£LLi]| L-.itM <cl^ Tail stock (Jjjji e_>L>^) ^Jj-^Ul vb-*^ - 

.cCLajJLa eL J>_a_wjil iLajJeJ,! i_3jJ_J i-Jlita (jljj-i Cj Lc j-uj j-j£ jj 4"o(ja Spindle aj'^V' A9" f ~ 

.iUjitXl ^k. c_jjj «u« jj£. Lijj«ji lzLjj>3 4i<^a Lead screw (i_.oru.tl j>>*c.) <_Ji_aiii j>j-*c - 
.<_Jljiil gl-fl a_jl»c lac u cjLUaJ! J__= 4. ajj-JI j_^ <cu^ : Feed shaft j_>ji j,^*-. - 



iullllSJb-jJI 



<Xai} LuLiisj mJ| (JjJLso (joi^i* (_^aJI CjLUj_U,I J-*^J 4^-ijj^»oj /«JLUI J-4^- 1 (j"i o g a (_,ciFncige L>jj<JI - 
.O-iLlul < iI^JlIu Jl>.I^ojj (jjjjj^j Jil j ^Jmi < Jl^aUl Sa »£■ 9 J . \3 ^ ^* J ."* (J ' - J '" 1 " (jr^_J 

.ciJjj»ail ^jIjJiJIj LjjJI l%^ JtW-^ igi^-a Bed slide ways (*ll>.jj]| Lb?) ^j-^ 1 cSjk" ~ 

.LiUj ^ifi. JlaIaj ^J-UI »A^ O^ L^j'j^'j Lai rt" i ii VI 

LjjlaJl ^LIj^kJI '£— « La2Jl jj^. ' k ." ^ Jl ^ 1 (*i2JI ^Ajj^o I j" o j a Cross slide Lu»j«"hhO luj_ui - 

.Lt^vl^JI iLlj^JJI JU£. LiUJL^=J 

■Uj.^j Ljjiiaii LjijJi «.,,„^ aIsii LUij ^i jxU. j*». Ui*^ Upper slide ljuji luj_ui - 

.Lj4>.l_aJI iLlj^JJI 4- y Vi<itl ,3*C. 
j-p.tjj . a}LJ9? LujV i Jl^Ij /olaJ J-«U- J^-JJ -^L^= °3^i («ii!l Ct-LiTij iia^s tOOl box /qlall J^U- _ 
.a^JJsVI £yi j_<j^3 JJlC Ct-L,pj ^2>a ^j^— i ' /oJ-S <J-«L>- ^J-ual 7;j-^\ 



lulfclSJb-jJI 



afeijtfiftfiifo- i 

.iisljjJI aM-JS^ iaJlkJil fljJVI J-i-ajJ (0 - "0 J^-i mi tl .t>L4J ji^Vlj JU^i *>JJ3 ^ o i uJ U_ibJL^f o^^J 

.(j-l<jj j^lj (JL«jIi («JS jciijj (a . a) J 1 ^ Mill j 



JUi «w- 




fi H 



a,i>^ 



i r- isu 



tl "I - r 

^ any ^ 41^ ^ a.ijt p «v p atf p ujf- p 






%* 



DIN 1,981 DIN 1.971 DIN Ui 



.U=!j^J! f M2l £\£] :(o . V j^-,,t,tl 



0> 



\ 



UJ 



<# 



,431 




Lrujj aJJSj JU^i aJJS :("\ . 1) J^-i Mitl 






Fixtures uLuft'O - "l 
Chuck l-sjJ^I - 

■Cj^I t ("ill a j ^— >j a (j i n~>- ji'^i' La-4 A la se 1 1 1 (j u-flJ ^_ L^l^a LiJ^^elu jl I A N j fl a ' l£jj_^jj (j| ^j^— » i ) 

Chuck and center ljjjIj cajJaJl - 

9cJa_m 4-aj.t-b < '^»~ Cjljl^Iufcl CjjJl>- *-La-l 4_i_)jj| (jl jj .^aJLa 1 * * "^ LJ^aJa C^ Cj^i t ("ill a. J^r~ i n"< 

The face plate ;m.,Mi - 

»j 'J^~* Cj^i » ("ill Cu-llJJ i m1 i^— i ^Jj-" ( „~s^ A ^ J ' " ^-^ fJ^I}^ (j-a Cl^l t ("ill Ct-t-uTu i> JlJt" i uJ 

Two centers u^j - 

fljljj JicLiji^a l(jt a aJlJt" i uJ .j <^~>l <^9-S J)*^" i t ^V J W t " Lh° ^^ * '"'^ aIsIjJkJ aJlJt" i m"< 

.USb 4i;,i,n ljjji Sjb) po^ Lathe carier or Dog 
The clamp chuck or collet ^uji csjJaJ! - 

.^a ^ Y > Lbjial ( Jji\ CjMJlAJLi t±!L^a}U a, JlJcTll-uJ 

Steady or follower rest aiikJi - 

.(Ji»|jJI <j-a Cm mil j^a-aj £a«j>Jtl <~.IMjt >t t Cc-iiLa - 

:42a-3-}La 
^j-a (jr Laj«JI *j-^>-II <4- LJjLjD (<u-u-u L$j 4_caL>JI (J-a^JI CiLLsLll^Ij 2j_a^=Jdl CjITliTlU ( . d^j (Jjj-aLoj 

.j_iiLJ,l ^U-t-II (-jJjJilII 4_j 4 Mii^tl 
.ilalj^JI IL. laj^el^il obAaU UJlitJ;! ^IjiVl J^JJ (V . 1) J^=u5JI 



luLxJISJb-jJI 




l£Jj^3l3 4jujI JJ (— Sj-Ii - <— 1 





sjl-il JlcLji^s *_a (j-CLuj 




(jiajLS i— 3j-la 








4jjIj (jtli^a) AJsLo- 



;tLa ( J i i n a)4Jal_c>. 



iulillSJb-jJI 



.^UIjJJIj oLlAll £\y] : (V . 1) J^-,,t,tl 



staug^igg 



^l>jJluU^(V.1 



<j-a) + 4 it Ait dlillj Cnmtl <j-aj + jljuLL-u^l <j-aj + grVimVI J^=l! » Vtrttl (jja) = C-,^^~ 1 ^ l>*j-" 

■ Jjiu,i"tl CjLlL^I (J^=lJ (j_jjLa]l 1 jufc AjLsr'inj 
JaJ I ajLa (_yic Lfcjtjju>ij J-^aJt-Lfl (C>i.a(l 4_Laj^l Lai Lul i aa» » la 2 1 1 (j-«j (jr^- U J "•***■" ''"' ^ a ^j^~~ » a ' 

■ * i i^-ia J^— lJ 4j-aL>- 
tjijjLUI a\j^cIllm\ /<uj AIsIjJkJI CjIjVt^ £j-a ajVi->t *_LaJi]| (j-«j i_il i n-st 

t c = L / n . s minutes 

.4JLJ9jJL) « LaJltl (j-«j t c 

tjl^jLULlL C-.cL.gJVJ .4jJLJltl A^lj-t-aJ SbVl ifl^njjeli ^1 A^L-uIl ^yA L 

.oJulj tiijjseltl AJ2L_o>3 +« La2j| <JjJ9 <_djjfcjJI 4J2L_luj+ 4IlLIjj». /<uj (_£ JJI gcta-mJ*! J^ls -L 

L = l b +lwp+la 

.Sj_^=Jd! JljJaVl j-cijj (A . 1) J^-,,t,tl 



iT — — "1*" 



.S^laiJJ J^ti JjIaJl JjJ^J :(A . 1) J^,t,tl 



iullllSJb-jJI 



( A a * Us ( , LuLiftLlI I '**" il ^^ . LmLmJ JlJJl^O t4_uaVl 4 ill *— "» 1 1 JlJJl^O j ' * >»-»■" \ \ 2 J ^ ^ . j ^ ,"," .4_»_L*JU 

aI JlJcIx^I < ajU-^ <J^=l! y Viritl Cjljjl < ajV-c^ <J^=l! C^-uiilll 4_2jjla ^^>>J tCjljV*i->tl <J^=-J J-LiLifulJI 

aJVI JjJlJso i ^ -i LaJtJI « La-SJI 2jjt£ t_ll i n-v Lg-Laj ^ i fc»»tl » U^tl Jj^ ujl i aa> c«LoJlC ^j^a ,_gjj_aj -ihP 3 

■ 4-tl^aJI 4iil^-Titl JjJ^J t u l^-itl TrljJVI o-«j t_iL^>- <a_alai>. <J^=l! *JaJi!l ^j i_sL^>- i L$jjJiJ9j 

c 4_l>-LL)I j '/~~" Q 3 ' lilljj /- a. j la I '—- 1 " 1 1 j 1 1 ^--»"'l Jlxojjj ■» i-ua-a J^— > ) 4_tlaj| sjlj^l /o i a£ (^j-^-i 

^1 i|a ^ A I ^— 1~ a t 4JJl uu U 4_lILc ajajso 
L^iic. j flj 1 1 4-ilajJI Spjill iL. ^J^""^ 4-uj^=l!I rljjj 4-uLi^3 ^^>>J ^^^' *j' J l (*> '"^ 4r L ^- i "^ (^ 
*-3j-! L^J_j> '^ jjjii^-'tl t_S_aJL-uij CjLjJijjJI JJlC I Jj^JI JlO-U ^^jJI CjWI JJlC JlJJl^cjJ lLUJj (JWJ-^ f 9 

Cj^Li <J-«J(-JI 4_JL>. £_ w-alJ^jJI jl (JjJLiiuJI ilajljjisj CjLojj-ujJI {j* La a. ^ 1 1 j tJ-Laj ifu t, 1 /<uJLu3 *uj (jVI 

'. ^yO» J 1 J '^~ '"' ' I > ' '^*»*»-'*'l I I j ) JloJj ^jjJ I Cj I j la *- 1 1 7c_uis jj (_yL) L»vl2 

A^s_jjlJ cAJLLifoil (jr ij/JtIjJI ,J^=lAII jLiji j Jjj-aLdJ A^jjJ, Abulia «*lj^ 4 omjJI 2*lj^ 

jl ( _ =r lre_La jl (JjLo ■k La ■ u c4_JL>-lj c4_i^>.|j i 4-iJ^la) 4 JJ LLaJL I 4IsIjJkJI 4_i£.^j JjJljso 

.(L.L 



v4_lI| jl 4j>.LjjJ iLsjJeja jl 4j^>-Ij < ijj^la iLajJeja) l ^ r i-ujSul\ J^-i i"itl • 

.(4JjLc jl 4JLl5j jl ^LlSJ Cj^LiuIu iisj^ta) 4 \'i t"A\ (JjjjjLLoj ss-xj>. • 

( CNC 4UJT j| A^La-jj iLjjJta jl 4j^>L>- j| 4^sLl iLjJta) (-jalLaJL I JJu«JI • 



iullllSJb-jJI 



.£j\ jinLUI JjUtlj jU^tl jLll>-I j-t£. JilLill (Jfi^J SLclj-«j ^J^' Sl"^-. tl ^^j^jjLla JlJJ^>J 

» L-STl ( _J^.|^_a ^ya 4_L>-^_« J^— > ] Cu-iTlu I 4_2jj_La JtJjuso 

.*_La_2JI i_3jjJ3j 4 It ("it I (jjjua f-jj >. 1 1 n-fc. J^jJLIj (j-Jj-tl j ^ JlJ> ^ 

~U...tl ^j I "t^— JjUtl .j I't^— « UStl J^aj l.'t^-. ~U,„tl ) aIsIjJkJI J i ill in" JlJJ^^o 

(3-*^ ^^'^ f* ' ^?^>^' iLajJeJ,! aJL»- IL. OJS^JI (j-oij IL. j'l^-ii jl (jLsrV*ini j] I Jl== 

.S^lai. J^=J «JaiJI ebt JliJlso 

.e^loi. (J==l! (ajbVI Jj-*£, o'jJ- 5 ^J-"" <-hI-^>-) J-la-illj AjjJilll CjLlj.^ JjJ^J 
.sjjjjjl (J^ +" i nl 4 j i gj Sl_clj_a «_a ilsj-jtil SjJlS JjJljso Lg-Laj *_LaJ3 sjJ9 j_l==I i_il i u> 

a alaa* (J^aJ « la 2 ) I (j-«j < >1 i n"^ ~ 

.AiUnW u \^n\\ ^Vl (>aj i-iL^ - 
.4 it All ^liy 4_ji^=JI iil^ajJI JJJ^J - 

4_«^jlj j ^j^ijjLSiLl 4 ) alla-a (IVlllQ StCCl i^J-^ I— duus ) St 3U (jaj i> * r — ' II ^_piAj!c_La (_-<JjLa ^ya 4 » Ia£ 
.gJaS 1 • c-.yUI JJuJI (<\ . 1) Jaaaullb istLb^l jJa^Vl 



r 



^S5_ 



4j^ikil iliiJI a ^uLl a :(<V . 1) J^-,,t,tl 



iullllSJb-jJI 



£LulL£ul£u 



• /y-L> La 4 pi iij-Il 2*|^9 (3-« "*• ' -""" 
.jjjuu£> > J a la la ^-Lt.Lg> >Ja^J ^ j - *- 1 j_a 4_J^aia 4_La l^>- ' J a *"' (— QiJ /tj-ti I (_yJ-£- (J J ' ■"' ~" ' ' - 

.4jjj iLajjJta 4 Vi i nl^aJ tiilj (j^~» <1J 
./<ua AO Ji^Iaja ,<JLj £ * J^"*.' aISThju-o « LaJ3 q£. «jLt£. 4_l!j^M 11",^— tl - 

.(*La +OJJ +(j^ajLci5) ±jjljz^ i^J- 6 a' J^a~" i "' (— OiJ IJu t i_JL<a 4 1 t i*ii 1 1 2jLa - 
: * . 1) J^— I ("ill 4jX-lisjJ x_LaJi]l J ) nl ( n" - 




(Y) *4».ljJI 4^1^ 

(V) grUi.ilt 4_Jala iLIji*. 

4-ulj rVlint 4_Jala iLljJ*. 
(l)g-U,„U 

■J,;,Vitl aLW J,„I,.M : ( \ • . 1) J^-t,t,tl 

■ 4)Mrt*<^lflJI (Y) J 0) 7rt-w„n aJL 

■ <;;y :is ( j5(i)j(r) g rU„,it ( >jL 

.^Jlii (<JS (o) ttUm.II *j. 

.( J^Jj-^a-II (j-« 1 tiajf (jj^-»~ <jl (j^~» «lj) f ViMI f^H-" S-^ 3 LgJ-iLa 4j^LiII ^M^^l 



*_LaJiJ| i_3jjia 
)V>Y* = V g-La-^JI icj_<_u cajjj//<uaY= I SjjiilJI ( /«-« Y,0 = Q « LaJllI (J-*£. ) fcJa-nJI 



iullllSJb-jJI 



n=1000.V/3.14.D 
n= 1000.20/3.14. i>=)c\y [R/min] 

.0) ~t 'I U^= 4jlL1 u-SjjJi (Y) ~t tl 

( n) « iiSj/^Y * = V sjjj /^ y = f ^ i = d (V) gU.Mti 
iiiSj/^Y* = V Sjjj /^ Y = f ^La <\,o = d (i) grU.Mtl 

iljWf YA = V Sjjj/^a \'"\Y = f p* \0 = d (0) ^t-w„tl 

r max ^ o V~ii]\ » inTtu SjJlS JjJljso - 

*^"« Sjij^al w^Jj (£) geJa^JI JIHI ljufc 4- * ^ »J^J-^=^ L»JJ -}JlJ>o 

(jjjLilLl * Vlritl SjJ9 I. I ) n"». i 

F c = b. h. K s 

F c = d. f.Ks K s =Ks.l.l/h z 

K s = 

F c 

P max = F c .V/60.102 

P max = (13287.2)/ 6120 = 2.171 [kW] 

* ,A ^gjl i nj T| ejjLdJI J^Lilu-ul J-aLta (j| jLiTuiL) 
Pmotor = Pma X /ll = 2.171/0.8 = 2.71 [kW] 

u \*i\\ o-aj-!' ^lu^ _ 
t c = L / II . f gJaiJI £y»j 

jo^a Y * vJaJLI I j («^a Y * (J aJall j-axa = » IaJU I Julj Laj i («-a Y = «_La2J I (_>±2 La 4J£ 1 i m ^_pa |>-^ I- 1 
L = l b +lwp+la 

= 3 + 30+ = 33 mm 
n = 1000 . 20 / 3.14 . 30 = 212 [r / min] 

t c = 33 / 212 . 2 = 33 / 424 = 0.07 [ min] 



iullllSJb-jJI 



£LulL£ul£u 



2 *\£— ,~,t l , i l , „^ - 

JjJljso ( LjJ (jj>^ o Jljwj J * '"J 4^J^' al~,^—tl Qjj JjJlJ>o jjl£l 4-i1^=l!I S Al<^-. ~,tl <_j| , „•%. *£u 

Taper turning <AuA\ &\jj>. <y.\."\ 



LkJI! U^ljJl ULaJ (I 

■ 4 jlintl (j-UjjlJLjJ pllll ilia! 7"i3JJ ^ . 1) J^— ifuJI 




.4JLJI o^uLl^J fd^l 4JUI :(U .1) J^-,,t,tl 



a =D-d/2L 



p I ail 4JL0I X-A l ij ' ' a 2 II 4_L>>jL>JI Cll < 1 r till JLLfljjJ ^J^J C j 



4J0 1 ^>- fQ.AJ3 a JlJt" ) n < 



. (J-ua 4_i <S& a\ J^cIllm] jl 4 j 1 1 ntl 4jjlj > t> 1^) jl jJLeJ 



luLxJISJb-jJI 



Jj^ ifuiii /«js ^-Sjij-L j-^jj y . *\) ,j^=uiJi 




.J j^a ,V,1I ^ 4^-U ;Q Y . 1) J^i ,t,tl 

4 t\ i«t| a j U , „ a a| JlJcj ml (^ 
J J L9 * = ** *dL9 J (-7" L> " r*^'"'* 1 ' ""1 •7 r i M (11 4Jal^>iJ A jjj ■"■ 4 il i u 11 r'Lllif <L<Lij_LaJl tfjufc^-p-tj 

.«_a Vo * — o • *4JLu 

(Jlj^Jkl Ji-l-i (J^IjJI 4-^=>»- ^pj .Jaj>iei.l 4Jj!j l_flj-aj jljuLoj ((_£j^>Jkl) Sj La i u t, I 4JL0} (<uj 

■ 4 jl 1 ntl oj l-w n a iuL^La Tciisjj Y . *\) J^— 1 i"itl 



^J/IJ 


(J ! 


H'>* N 


J^j.^'^^i 


r lij B" 


;.i» iil>- w v> i 1 




m *> 10° W* W J& 



.4_JLuJI «j La ■ ■■ a 4-HjjJa :0 Y . "\) J^— iSJI 



luLxJISJb-jJI 



4, U, Mill j^=j-a (jC I Juaj Ldj^elll 4-llj-iJI tiL^sJ joC (£ 

.^L^>JI U^ £tuj £ . 1) J^„,tl ^ ^lo^I ^bJI JliXI .^LJI u-ujI^ iJVjb iliiJI 



ii7^7 




■ 4 UAH j^^j-a t>l aJj-SelXI ^lljJtJI A^j jLu) ^>:(t- \t.V J^.t.N 



/<sJLa YYO 3 jlmll J_ala JlJ£. liljjelU <_sIjJl!I Ajjj ^L«j| AaLiu.a JJl»- :<_il in-xll 4-LlaX, ( _ ;r i£. Jliu. 



.^]LUI J^m.II jJ^I u "\ Uljljjj 




AC = 235 . tan 6° = 235 . 0.0523 = 12.3 mm 

jIjJiaj j_LlH1 (j^fi'n *JLa Y* J^= |^| ) Y*: \ }Ha iijjiaj SjImiII J-ua jljJLa *LUcJ aJU* IL. 
'.(^ I -i^-— JJlJ>o j^=jJ,l (2>£. AjJjJI l\-*->\ AaL^a (jla (/«-a ^ 

^ n ,Y0 = Y ♦ / YTo = 4, 1,, ,11 J^tH J^kJI ^ JJLI 
^ o,AA = Y / U.VO = 2LAJJI j>L->I AJaL^a 



iullllSJb-jJI 



Screw turning c^t ;u=!>. (r .\.~\ 

7 .f „ 



J^Sff 




c_Jjl]| aal^iii^jJiOO . 1) J^-i ,t,tl 



Obi" 5 l£^) ("0 sjl^y - i J- <3 - c - o'jJ- 5 0^ (3""^ Aj^rJ (V) SiiAJI (_,!£. i—Jaltl *_LlI! JapAj 
<jl (_i^j <i_JI_aUI Jj-<wi j-c£. 4jjj<-!I liJbjjBj] .((«llll ^JlSj i^l ) (£) c_Jl^iII J)j«if o'jJ-^J (3Uu.it I 
■ J| 3 -«3- t J I (jyic (in mi^H (_£l) (V) 4jSj 7) mi t, I 4jj^aL-iiJI JjJJu /<u <j-^-II - i J- <3 " c ' J lr ^"\l9 •^ g- * J t -t' (3 '"' *J 

(jl i i nt JJlC (j-L) Jj-i-uLu tiJLjjb «jj^~~ ' ' O' *t c>1 ^ ' ( ' ' ' 1 ■ ' <— *J 9U I S aiaj. (_yic u J ' a **" U -t iJaJa 

(A) <Ga]ai. (_£JJI i_Jl^itl -ij-fl^J J'^i'U ( Z2 ) (j^lllj ( Zj) (jljjJtil JSJ-*C J^JJ i^JJI (_>«pJI 

( Y( j-u) t_JI_aiII -ij-^X. <J-">J (Ju-uA -5Jl£. I ( ,(j-u ) «jl-i^l OtP (jLjj-ul JJ-C 



y / \ = 1 / r = XL>U 1 s0 * cM 

.(—Jljill Jj-fl-C (J-^p (jLi-i-ul JJlC t. tl is>\ (_£jL_uJ Sjlj^l J5-4-C (J-">J (jLi-i-ul -SJlC (j| (jy l t .CJ 
(j^a JJlC (^Li i-Ia-Li --j (_>"^>J ^ 4 '-' ^^-'j^- 1 (j' ^— L -" VJ ' J^>-'_5 <>L><-il a— (jLuj_pjl jj JlJ (j| (jl uaJ 



iullllSJb-jJI 



SLull&ul&w 






\4/ v^y 

ft ^ 0*= 



.iLjiai ^ c-Jiyii gJaS junisj^Kn . i)j£aAii 



iullllSJb-jJI 



tjijUi 



.<LLsIjJkJI 4 A of 7"J-^"' 

.JajLJeJJ p_a-<3 < il 1 1 lit j '—• 

.OajLjeJU jj^a 4 lil'i'reja flj-il 4nm^ J-^=- 

1/ Vlj fj-"-« ~ 





(< 

(° 





.Ijl^. j^j.^CiMLiJI 



i La a£ 4_i^>.|jJI iLsljJJI 



.J^ISJI -JJuJI oli SjlS*XI g-klU - 



>- fr a jLLC I . I JL>- 1^ <J^~> 

: Laju£. 4_l^_J| iLsjJtil AjLsr'nnl ("-J 

♦ L«. % 1 1 i"tl J ^ g I /j i JJulLi 4 1 * coJ l — 
:CjLJUj«J AjLgeTmjj iLu^ljJI iJajJtil (^ 
i ta a£ 4 J aJaJ I iial >JkJI ~ 

. f J^L^3 4i^LU| ila^JLI <£ 

.j-l±^= JiJuu e-i^>JI 4_JLc 4jLJaJ3 - 

Sllsl t.j « ' "\' La_dj (jiij-aJI 4-a^a j ^— M ^' 
l(_>Iij_aj| (_£jljta ^_ Lb^S_a3 ( ■ I la ) /jJ-I' ^j-" 1 " ' - J "-'I ^Jb La ( 



iullllSJb-jJI 



£LulL£ul£u 



S^lj^JI 2_ LaJiirm.U CjLLII.1 ^1 ^ Lt (^ 

to^u^l 4jL*.VI>ii.l (>* 

'(jj^j LaJtJ£. i_3j_ki]l aJlst"h»j (I 
.rti-a^ * * -> 4 U mi II Ji^ia "" .(<s-a ^ * * -"* A U uA\ j-LaJ9 ~ .(«-a^ * * ^ 4 U Mill (JjJa - 

./a_a \ Y -> 4 It ("it I j-La3 - .* V>7>\\ mJjjI-} j-t£. x-L&jja ^j-a 4 It ("ill Cc p j ~ . /aJLa ^ * * < 4 U i"itl (J^is ~ 

: (jj ^— i J LaJtlc (jiajLSJI i_3j_laJI aJlJt" i u-j (Cj 
■ 4jjL»vLa j-t£. Cj^LLii CcpJ ~ /«-a ^ * * - > 4 U Mill (J^ala "~ ra^a ^ V ^ iLLifoJI j-LaS ~ 



SoLJU^ <>a j| JulL-VI <>aj J^iu liU (* > 

SILIjJkJI oLlUa] ^-^.jlj^'ll jj,^^-~,tl ol^jaj. ^yA La ( < * 

S^LUI ila^l jLj2i.| a ^ u | ^ La (* ° 

:4_JLl]l ^JLLifoJI (j-a ) s-j^JI aIoIjj*. CjLiL^i J i n 1 1 »" 7e-«isj ( ' * 



luLxJISJb-jJI 



gLulLSJJLS^u 



& ® 




(20 J 

SilajJeJtl Cy l£. 4.JLJI JuAJj 3>^ (jr 4 ^* ( 



-.4.JLUI 4,1,, .11 LJUJI U^IjJ! 4JUI Jjjlj 



,!(^ 



£*3d 



L^bjlj j YO • L^ ^1 4JLJI AlaljJJ ^Jj^H! 4-jIjJJI ^UJ jLu| ^L^ <..,., -J (V ♦ 

<*a *\ * = 4~U ,"itl j-La£ "" rtwa £ =*_LaJi!l i j^£. ~ 

ajjj / rfsJLo *,£ = 4jJl*HJI 4£.j_^- 4JLl2.} / a YO = «Ja2j| icjjj, - 

«JaUI *Ji>m t-JLa ^^A aljVl aJiLa ~ Y* ^JiLaj j-AJ ^^A Slt-iUI aJiLa - 



loL^ISJb-jJI 



Milling jjjinu guii j^tti 



H»J2*0- V 



JL>» CjI j « Ua S|j| * JlJt" i uJ ^..-L>- TclalJIj Ja .':.^— tl » ^jjLla «Ja2JI J>jJl»- JJulLJ 4 i . (l 'i JLJLslJI Aj^-LjJ^Li 



<ju 4. ajlo ijuoUiaj (Peripheral milling v^^ti jj>£]I ill*. 2_ *iiAJi ^u,..t Ljl>« 
.(jjUXi Jj;.t."t jj>£JI i^la jjlojj .v) j«=-tAtl .( Face milling) ^4^ iy l jj^ui 



.tfljft 4u* 




^U)l j>jB\ 



.JU-Z1\ U^ : ( \ . V) J^,t,tl 



iullllSJb-jJI 



Milling applications jj>aIN uUQ*I«f I ( Y.v 




tfjW 




SjjJl* iij^^kJ 




a; 



Jjl»il) JiijW V'lf* *>^*-* 



.Jj^iUI oUIj^L^I :(Y . V) J^-,,t,tl 



Milling machines jj>£UlijVi ( Y.v 



iullllSJb-jJI 



£LulL£ul£u 




( >!) J^» 



.i^l jj^ aJT:(T .V) J^i^tl 



(£ . V) J^-i ,t,tl .ijju^p ±\j^Lg\^y\ c-^U3 u ^-,t jj?x2l\ (_>^> L&> ^1^1 CjVT ^L^lUj J^I>B 



luLxJISJb-jJI 




ii^bil j^>i3 oW aJIo! :(£ . V) J^-,,t,tl 



iullllSJb-jJI 



jj ' * Xjl *- ' .Jjj^jJ! CjLoIJi 



Uil JlJULJ (. 



Milling cutters >j^I l^Mm (I- V 

.4jpJai! jjlLusj SjJLuaJI (jjUJLl j^>a3 Ju£. j-l±^3 343 (j Liu, VI JiJu«J ~ 

■ 4-ij" i n a »^'"l c (_J ^1 1 ^jjj^j3 1 i^jLxji TrLill ^j^"""* a ' /yTc^. L II ^— ' ■"■ » - 

.A-ujjJL*. j| 1 Ll'fcla jl 1 L a o Z i . m .a Lai ^,^3 (jSulj-II i^jk" <J^="^ ~ 

.jjj_alul (J^-^=L^=ljj/ jj^a iAtita fl^aJI £)^-£ (O - V) J^— 1 ijJI 



luLxJISJb-jJI 



gLulLSJJLS^u 





: mM 





.Jjj-SJI ^^1^... :(0 . V) J^i,t,tl 








<-il in-*. *jjj .(jta-I^JI «Ja2j| Jl». ^l) Jj>.\ji\ q i .ilt Sji.iitL Sjjuiltl icj-uj Jjl Ju>Jl u l*n" I JJ < JijJlJ»J1 



f t = f z . z. n 



iullllSJb-jJI 



(_>iaj^»l!l *_a 4IsIjJkJI '2— "J^-— N 3."" ^ 1^~- '- " " ~>" (jr^'j 'j'-^' - i J- <wl o'jJ^ ^J-" (jr* ^ 

.(Jjl j^>JI (j-a J^j3) t ju^l^JI jj-i-oil aj^oIILi SjjJlLJI icj-i-u l z 

./O^a JLi jjj^TiJI 4j| S J i ia * a 4jJl*j ajz. julu If 



. Jljjj^sJI (j-a_J » u» S 1 1 «_jj_ i j, ( .1 . ^-n ^_a 1 ^ » u» a j>jJl>. (j\£ 



a\ Jua-" i iiLi 



HM jU Jj 


J.U. 


HSS 




f, 


„:,, 


( iL. J& mm) F, = *L J& i,iidl 


— > 


\M 


(fc-J* 


imm> 


<Jl5^.Sn jiiii) >.>dl ^tli, j-y 




OJ 


0,2 


5S...65 


0J 


0,07 


0,07 


0.07 


0,15 


02 


18 22 


GO- 15 


0,3 


02 


45-60 


0J 


0,07 


0,07 


0.07 


0,15 


0.2 


16.. .20 


GG-25 


02 


0.15 


45...60 


03 


0,07 


0,07 


0,07 


02 


02 


16 20 


GTW-40 


02 


0,15 


80... 120 


0..1 


0.07 


0,07 


0,07 


0,1S 


02 


20..24 


St 50 60 


02 


0,15 


70... 100 


o,; 


0.06 


0,06 


0,06 


0,1 


0,15 


18...20 


St 60 70 


02 


0,15 


60...100 


0,2 


0,06 


0.06 


0,06 


0.1 


0,1 


12-16 


St 70.. 85 


0,15 


0,1 


60..90 


0,15 


0,06 


0.06 


0,1 


0,1 


0,15 


12...I6 


Si 80... 110 


0,1 


OJ 


60... 90 


0,1 


0.05 


0;05 


0,07 


0,1 


0,1 


10...14 


Si 100... 120 


0,2 


0.15 


50-80 


02 


0,07 


0,07 


0,07 


0,15 


0,5 


16-20 


GS-45 


02 


0,15 


80... 100 


0,2 


0,07 


0,07 


0,07 


0,15 


0,15 


40-50 


CuSn 


03 


0.2 


100-120 


0,3 


0,07 


0.07 


0,07 


02 


0.2 


50... 60 


OiZn 


0,2 


0,1 


4O0...8O0 


0.15 


0,07 


0,07 


0,07 


0,1 


0.1 


250.. .350 


Al a^ 


0.2 
OJ- 


0,15 
OJ 


400...600 
160 .200 


0,15 
0.15 


0,07 
0,07 


0,07 
0j07 


0,07 
0,1 


0,1 
0,15 


0.1 
0,15 


250, .350 
55.. .70 


G-A!>W 



•Jj^illl Ju£. yUStl <_3jjJo :0 .V) JjJl^JI 



iullllSJb-jJI 



J 4 U Mill (J^ls *-« 4 U Mitl *_« (jjj^a^LlII ,_LJ9 La £sL_a>s *-«-»■ J-l£- ^IsIjJkJI '£— I 1 ^— ci]j_3ejJI 4^1 i u a JJlJJO 



.^k^J 1 



| a^Ula ,'j ^ * '^— > i ■■" 



£j>>- (j <i '^ (_P-II iaL-oil 



L = l b +l wp +l a [mm] 




.Jj^I ^ 4~il^tl gJaSJI 4^L_^ :(1 . V) J^-,,t,tl 



jjj^bjkall3>lfljj3>fluU?- (V.V 

^U> I aJ I ^_jj_alul_a /_ _"*" 3d^^^ 1 1 a A ^Jj-fljJI jj^a (j^-'- u '-u/l (j^-^-J- 1 ' *'' * j a 0) ^~~ ,N ^3 J ' " 1^~~* 
(^yic * Vtritl JijJl*. Jl>.I_ojj ^ V-ij^U (jy^S ■jyt'^-t ' "-SL f Virttl JijJu*. Jl>-Ijj (jl^~» a (jr^ 1 ^ja i »"1I J - a li tJ 
pa-l (J^3 ^J"" 1 "^ 7c-niy^aJ /ojj i_3_o_i_u £>< ^— > ■ oil ^ j-*- 1 a (_-Lc (jr$-2 /- j a. I a J I ^_ Lai (j- 1 ^— » mil Ja-LSej9 
duLj (J-ujJ jjj-fllll 4r (J-^'J-^' O* ' L>^'j-^ ' " ' "J-^ L£La-i nil JjJlJso 4_lo_l^= <_1UJl^=j jl i^i'-^Li 
l(jia (j^Jua JJlC (j2 t * V>7)\\ £— dJjLfoil (jLu-uVI JJlC JjJlJso (<u-U-u 1 o^— > . 41alj^>JI ^_ 1 o^— > i'Iqi all 
I mi m « LaJllI SjJ9 (jL9 Ijjj » LaJllI 4-alaJLa (j£. sJoju jj^~-" (_£jj>-2l (jLLi-u^l La-Lu « La-SJI £_ li-ljl cuj 



luLxJISJb-jJI 




Conventional milling ^Su jjjJj 

JM !j-*£. u la ♦_' L<J-<s . <tl^— ".^Vl j .^— . jLlxw 
■ Alt-ill! LacLJ Lr V-iiii u Vitj 4_L^=Jj ab>U 
4 i 1 11-* n -»■ I- . ..VI gjjt i*i"il tLal Jl^t" i ill J i ^ ^ i 

7T tl I III J "LJLojJI ClL^JJJ I II U 7T Vl I III J!La 

AJ JLj-m^aVl aj_ii!l Cili CjLSjjJaJU 



^ailjjjiiJKUV.V 




Climb milling ji^>U jj^is 

« LaS ajJS ^ La «J Lj-4 i <tl^— **■-*. VI 4JJL) jll<J-i 
'UjJij ^cju-u^ j '.'' : ~~' iS-" 3 -*- 1 i* 4j£ 



Ftotal _ F c . Zi e 

z ie = z. cp s / 360 
Cos cp s = 1 - 2d / D 



gjali l 4- cdjLULl (j^^' ^^ z ie 

■ A-as=3 m!b » UMI JijJlj- JiJig. Z 

» taJl!l (j-uj-S ^di'j ^Ps 

.*_LaJi]l (J-4C Q 

■jjj ii"!l 4 *_;^— i u j laS L) 

.ZbjLull A-U-uJlllfc CjLSMc J-tC » llrttl (J-UjJS ^i'j J^^^ 1 ^ ^J^J^~> J-^JJ (V - V) J^-l Ml! I 



iullllSJb-jJI 




Cos q> s = ((D / 2 - d) / (D / 2) = 1 - 2d / D 
z ie / z = (p s / 360 
z ie = (z . (p s )/360 

t Jjfcj ilsljJJI 4_ 1 -1^-— (jjjLdJI (J-U-OJ A JlJt" I nj ( Ju»-ljJI (j I nit 4 J ( nilLl « La-Sj I SjJ9 JlJJlSCjJ 

F c = b . h m . k s 

k s = k s . u /h m 

H m = (114.6/(p s ).f z .(d/D) 

.ejjLdJI J^Ul^l J^sLta «Lllj-« j_i£. 4JVI a j JuS JiJusoj .aIsIjJkJI 4- U-^= «Ja2JI ejjS lluaj 



(_<Jj_<-uJ OjJ>J 4 j i n \ 4_lILi 4jjJu <U1j_i_u .aljiitli-ul (_1UJl^=J ijuu^s 7r V> i nt j±J-£ 4JLj_LaJI <>Jui> Jt-UJ 



■ 4 It i"itl ( _paj^l (j_a jj^=s\ Lajl J jL T i a j jr* ^~~ i ' "^ J-* 3 - 2 (j' l£' t £y> ^~> '"^ 



JX* ^JJ 4 



J! 



iUii^ 



:4_JLUI 4l>UJlj j 

u = 0.05d 

^IjJI oli jl^UJ d Ji^kJI ^IjJI oli Jj^JU d 

((JJjLsO <_lLjL±J-Uj J_ffcj_JI) (^jj <ajtVlj I ,1 ,^.tl) 

D=1.33.b d=1.66.b 

■ 4jg*v|^ll jj^-alll SiA m j-iisj j ^ JlJ> -^ ^jUr 7=-^=jJ (A . V) J^-i ilitl 

. \ .0 _ 



iullllSJb-jJI 



£LulL£ul£u 




==4= 



■t^^iyi j±>-£i\ 4- L3a^-"«ti f^j : (a . v) j^-.rMi 

(joiJljJl i d pi ii i La i njILa (. ii ii ->j ^j^-i tj < (^yla-pJkl jjj_djJI ^_ aJlJt" mill (JjjLSJI (j-u-fl-b SjJjJI i. imi>* 

Jl ^jJljJljso r-l Tcv j (_jj-llj fl m (_pijljJI i d oi ii i Vi i iijl^ <— il ' u> /<uj (_pijljJI J^— i i"i ALLalil aJu«J 4-^jjj 
.CV - V) J^aulll j-tail .^UrttL ciJjLU! (jlluiVl JJ^ dUJL^=j g-k2ll ^ji Ajjlj JjJ^-J 




tijJLlII 4jS}L»JI (j-a (_pjljJI i d pi ii i Vi i iijl^a <- 

h m = (57.3 / (p s ) . f z . sin x ( cos (pi - cos q> 2 ) 
cps = 92-9i 
cos (pi = 2 Bi/D 
cos (p 2 =2 B 2 /D 
z ie =z . (p s /360° 



iullllSJb-jJI 



£LulL£ul£u 



.«Jcl1II 4- ^jl All ijLjj-uVI - :iJl£ - J- 4 z ie 

^iajLaJlj^Ul^kO- A)JUu 

jljJLw L^lLjjjl ^LaJl uJjlVia ( 50 Kp/mm aJu!l> LajLla l^J-^ 3 V^ 3 ) ST 50 < -JLuaJI jj-a 4tW°l 

.0 * - V) J^=lAII j-taJl «-k2JI Sj JiJ9 JjJusoj *-aV 

H.S.S. gJaUJI jl>JI SjU A= Z ^LLu,VI jj^i ^A'= D 4M^-i,,.tl^Ifl5 

^ o < = aJU^ji ^j^i y =°u X = 90° 




0- A)Jlill J^A:0«- V) J^Atl 



iullllSJb-jJI 



:cM 






.(j-i-u / /«JLa *,1 - (jj-i-u / AjJlJlIII ) I z 


■ 4jLJaji / *Y0 = (. t-Stl Icj-i-u) V 


*,n = z m = K S . L1 


[kW] P c = F total .V/ 102. 60 


" total — " c • ^ie 


z ie = z . (p s /360° 


Coscp s =l-2d/D 


= 1 - (2 . 3 / 80) 


= 1 - (6 / 80) 


= 80 - (6 / 80) 


= 74/80 


= 0.925 


cp s = 22° 20' = 22.33° 



z ie = (8. 22.33)/ 360 = 0.497 

F c = b . h m . k s 

h m = (1 14.6 / 22.33) . 0.1. (3 / 80) = 0.0193 mm 

k s = ks.1.1 / h z = 199 / 0.0193 026 = 5600 N . mm 2 

F c = 50. 0.0193. 5600 =540.4 N 

F to tai= 540.4. 0.497 = 268.6 N 

P c = 268.6.25/6120= 1.1 kW 



lulfclSJb-jJI 



Spur gear JdAj*>3^j>Aj(A.v 

yLijvjj a I laj )l ) (j i ii )l i_aj^>ij x_LiS I jj a jjj ^— .". > isl^ja. aj-LaJ, 1 4_u_uJiIfJI *_LaJiJl Jl>-I (jjjjj_pjl ^-p-t3 
4-Lti-b^JI ojufc Ly l£. UjLlJJ aj>ju=ta £fll nit, ^tlj^l ite^=JI (_LLij^>Jj A-ul^-ia) J J ojj^sjj » Virttl aLlajJl 
(_J^= TcJlS J -i"^-—* ■ ^-Tl>- lLUJ jjj *—- '"' /«jj .4_uL) ^.J-^ ** '"' : ~— ' II L ^-yj- >1 - 1 t& L-flJ^jeTiJl *_La£ aL$-|] (_Tl>- 



.(dividing head ) p jm iritl jL^ ^-^^ 4_^U. c^ufa ^JL^j liiijJ », 



vuv-'ul Ql 1 1 ill i d lal -w. < 



*H < ii nil) jL#>- (J-*C- <U^IaJ 
t^jinrt'tl jl(j->- juj ^ .V) J^-i MlH 




jjIjJ J^— i u< (jylc. ^-sj-23 'Lj (_j-i3^j p^' „X",tl jl j-v- ( . ■ - ;' :: -— j" : ( S * .V) J 1 ^ i ifiiJI 



jjJj < ajj J 1* (O) ( i ii"i t, I (j-aj-SJLi 4 I i^-i't,! (1) iOjjJI JJJ3 LaJtlc tjj^ili pj i nil" II jLg->- (J-4-C 4_jj_laj 
LajL^-a 4- Hjiil OY) 4Jtu,<tl jjj3 ^IjJLl .4JUL= SJl^Ij 5jjJ (Y) Jj^aJ! ^^Li ^LJU (V) iLstjJ! 
(j^inUj (V) j^jUkJI ^Jiiel^ t ajjj (j^s Ujjv (j^jJiJI SjljiV .iloL^s «Jl=Jj ajjji lIUJl^s Jij^jlII 
. W. M J 0) (_j^5j jjljj CjI j (j^slj^l Jl3-j3 .(_^sj^JI (jr ic ajL^-ljlil ^lljej,! <_j^2j]| j-jIj^j (Aj 1) 

U>>. iLLUl sjby oil .( SA.rv.ir.n .n.rv) j(YT.n . y<\. yv. yv. y>)j(y« . n. u 



iullllSJb-jJI 



j-t£. *j^>JI IJiJii -SJ^>J jl l.l>j '('LJj (jjJJI plj-ill JJ (Jjj p'j-^ (j-* 3 i^LcaXI (_gjl i nj) AlaL^= ajjj (j-a 

/<uj (<u ilVI J i Mil j ^j^sj-aJI (jljj-i 4_aL^_a Jaj-ia /<uj (S^lUt I (jl ii»V|) CjLc.lj_i!l JJl£. ( _ ;r Ll £ * 4 4 , uJ3 

Jtlc tjLajLJr" 1 n j * ) » _ L L g Vlj ( \ \) ( _^2>j_5JI .*_LaJi]l jlj^— 1" p3 1 (j 1 mi) 4^1 malt ( _j*3jJi!l Sjl jlj lJlSjjJI 

.(j-C-uj (j-L) ilAa L$J2 4 U Mill (jljJJ tjLajis ■=>" -1 j a ( ^ Y) ajlj^l JlC.1 - u a i-ta-Li ojJI jj ^— ■ ll ,1 « La-SJI 

:JHa 
Ja-i 1 •■ ' p^ 1 u-Sj j' J**- a I JlJcTujj Li (j-i-u 1 A 4_il i 1 lit _}.!£. (J JlC (j-u^i 7rLul > I j I la a 

^ A / £ j Y = ^ A / £ * = j^>-VI j fj>s drv iaL-Jtl (3-**""'* p^" ,:; "^ o^j^ ^'jJ- 5 - iJl£ - 

.}! jJLal (jyic (j a S t, I (j-a *lj-»-l ^>jl ^*J (jr^ 1 J3^^*^' Cc. u jj <j^jL>JI (j ^1 j ii a 4 li 1 nl^aJ (jLjjjJ JloJj (jjl 

I j 2j ^ A CjI j c-ja-SHI ejjl.5 

:^4J^}La 

Jl2 jj^~- " 4JLjej«JI La-Lu (aJijjJI lLUJl^=j Sj-s £* jlj JJ9 (^jJill jj*^— _' «>« ^A dUj jlj^=3 JJx. 
.(j-i-u )A M5I i_flj_aJ>J ^ A x_La3 pj JlS (jj^-ij ''-^J ilJLaJI tiilji^aj SJl»-Ij «JJ-S ^J^ 

:Y 4j^.}La 
^ Y L#j «j-jIj Jy>-j f^^J (L±2j ^ Y L^j <-ja2j SjjIj (_;,!£. *lj-»-l ^-*jjI iaL^a LdjjtiJI mjI ) ^ Y/£ luAHl 
. V/ > = U / £ = YV / *\ <jV ^ Jj -*Lh^ <\ i^L— L^ ^j-^j L25 YV L$j Sj^l j f jl 



:Y 4J^}U 

Differential Dividing head (^jl^UUl ^,,.y.tl jL^ r j^i^ « «_j^j| j^Ijj ^ 4^,^ 



loL^ISJb-jJI 



./yJLisLfljJl p j i u-SHll ji j - *- Ttjisjj (it . V) J^— i ■"■'! 



jjykJl J Li 




-a** u-*/ 






■(_yl.LoLaHfim.3ltl jl^:(n .V) J^i.'i.tl 



2uuLill3Jb->ll 4w > ^ j*a*U! 

$j_Jj_dlll flftjf ^yA U (Y 

t^^lU^/I^IU 

:LsJlI£. LaL*]l jjj_dlll 3JT AjLseTmjJ (I 
/aJXJ>JI ajjj^— I 4 It i"i JljJJ ~ ijuLi^s jl JlCL) 4 1 t i"i *iJ-<3 ~ Cj^LiiaJI fj-"J ~ 

:_i jLl^ i^Lu^l jj>il!l aJT (<_j 

JuJIj * Viritl CjLcj_i-u (j-a jul^s (JLxja - » Viritl CjLcj_i-u (j-a juu^s (JLxja - 

: ,»l JlJcIjj/Li 4_ujuJ,| (_JI^UI j-*l>- (<uj (r 

^jj_fljj| - ' lSHj I - < i ii ill - i la i -i^— < II - 

: Lajtii. (_>"_9 J J-I I 2 JjLtLa ^j^oIiJI 4j| a. Jua-" i »" (j 
Ju»-lj 4 U i"n x_LaJi]l JJ^tJJ LaJtlc - Cl^i t i"ill jj_a j_jj^= JJlC TrLiJl l_J LaJ ~ 

a \ 1 1^-~> jIjlcLi 4 i Albji a * Ui ^ T ' 1 /? <«a jJlajj 4jJLco t^LLi! < j ' k > — 

Sjj^ilJI 4JTcjLJo^=La (^ La (0 

T^j^-fljJI (j- 1 ^— >l *— » i u p_a-<3 < il 1 1 lit (_yik La (A 

: LLi. /\ v>l>^> <_^-f (V 
.y J.J-.MI <>L*]| ^jJ 2j-j^= Sj-p- j^>B (jl il^UJI 4J^| ^L-^5 - 

.aj-L±^= 4_p».LlJLl jLlaJ ilaLtll jjj-fllll ill - 

.4_u^|j 4JT4-J i^uiM 4jTi|_ jjj^lll 4 m^-iiii JjiieliJ (j^— 'OJ - 

.iLljJuJI (<JS iL. U-i£. j-Jj-fllJI 4 m^— i in i4- ZljVI Ljljj i alljo - 

. 4^s |j-><-J I (a-Ls ' , - ;^~~'j" (j-C ^j^aHl I ■* * - ;^~ » ' •■ < , ^^~~'j"' ' * ' * J - 

Sj-Jj-fllll iL. »J l>lit,l 4jjJu ic.j.ij, JJJ^KJ (<UJ I rtj^-t (A 
Si_JLaJI 4-)}L^j AjjJilll 4^-j-lm 4Js}Lc. 7t-i-i5J CV 



iullllSJb-jJI 



£LulL£ul£u 



5 Jt^iJLI (jJmJU LajLiaj « La 2 1 1 <Lcj_i_u 



(_J uaJL AJjLla '^.'J^-— ?! /*ljLJr"nnl ■' '<* J.'^~-' f-kJSj ^^" ^^J- 



4j3>Lc (_yA La * 



.^Jj-fllu I ^_ » LaJl] I (j-a j < ! Li. 

SiLljJJLi AJjLla jj^ijJI 4- *kst| SjS ^_jLco^ 4- jLu^Lu^l (jLa>Ll>.Vl Ua La ( ^ T 

■ U L>U j-^illl flaJI (_yA La ( \ £ 

jj_La-L>Jk I ^Jj-fljJ I p l_aJ I ^j-a pjj j^^ 3 ^ j Llo-i La 7t_iis j ( 1 

« LaJiJl 4- i^jl uAI (jLLmjfl JJlC Jj JlJ>o 4_uLi^a 7=-^ J ( ^ "^ 

.^V-h^I I jJj-olILi (_pijljJI i £J a i ii i Vi i "jl^ JjJljso 4_Laj^= 7"-^J ( ^ V 

. (jy ^>-ljJI Jjj-ojJI Llj_a 7C-lij ( ^ A 

j^ji i*iiU •"• La i uJI j^taj ^J^flUll 4 * - ;^~~' ' " J^J^*- Jjj'-kaJ <S *"' ' '^"> ( > » 

3/- ga»l aJI ^jj_ojJ| 4- O-"- 1 |j-" ' ' "j" ' " Q ' " " ^^*-> (a^-> ' ' , ^^~* (YY 



(Jxi^ 



3 / L>*fc 



u LajLLa (_£JJI (_£j_LaJI ( . il i^itl £ya 4 tlr^ f-Lijjl ( _^aLaJl i—ijIUa (YY 



4 U Mill (_paj^l . /<JLa VO Lfej_LaJ9j (j-i-u \ Y LgJLL-uT JJlC ( Luj ==aJI ^j^a 1 j » t-^a Jijju*. 4-Ll^=u-u aI Jiitli-uL) 

./a-a ^ * LjJ^lej («la £ 

*_LaJi]l (j-aj i_il ui> <-lU Jl^=j * ,A SjJlSJI JM <*nit <_LaLta Ju£. ^Lj^^aJI i_dj^>J,l 2jJiJ9 JjJ^>>J uJjIVta 

./a_a A x_Lj (Jj t mi U ^cLa-nJI JtAJJ (1^9 tiJjj»jJI 4^1 . u a jji (jial^I^Li 

. /a_u_aJijJI jL^>- i . rj^— >^3 J""* 5 J (^^ , 

■rtj i nrVitl jL^>- l \aC 4jj_La_i 7"J-^"' (YO 

p^i , „^",)l jL^>- Ja-uJaJ I * - ;^~~' -SJ^>- .(j-i-u Y £ 4-il i i u| JJlC J JlC (_>"^>J ?T'-'- 1 i ' ' J " v » 

*?4JLiil 4jjJsaJ ^yA Laj < ?. ( _ ;r JLi5Lal!l ^jinrt'tl jL^j- AjLa-'onj I iU, (YV 



luLxJISJb-jJI 



gLulLSJJLS^u 



GRINDING gjdfcLiit^dJij^i 



rfUJ (jP-!'j 7 r — li j e T iJI aljl 4 tJjVl (j-<3 7 r — li j e T iJl 4_ua-ii>l J-J-<JJ .(j-}L*JU Jjt i"i~it 4 <t(jt,l Jjj-k 3 -^ Jl>-I 7 r — ll j e li J I J- p - < j 

■ ajjj^— i jLtjl 4j3Jij A-lILc tt V-i i ii A^ojjlj (jyic (Jj < <a *«. 1 1 ^j <i i^-Vt (JJulU (j_a I Jl>- ajjJu-a *'j->-l *^L3i ^ 

4£.^_<_u _j i ((«-« * , * Y - * , * * Y) I Jl>- j^ljlus *_La£ Jj »C I j^ a a Jlj-'i i u s Jj* i*i"t 4_ilaX. (--ffc 7c-Laj-u 2l tc-lLvj 

( AJLLiioJl Lgj A_^a3 < ajj-i \ (<JLa • ,\ Y - *, ♦ Y ) inlnj 4jj^ju ic.j_i.u_a ( a I J^/l Lgj A_^a3 ) 4_l!Lc *-laJ3 

• 4jJLc jLijI 4j9.} J^iJLaelij ^L^- ycla-i-u 4_sjj<j (jyic (J J ' -** "*- ? I (jL^-L^aJ 

J_o^*jO aljlj^j i_L!jjxjjj JjJJ 7 r — l U c T l! I jjjej»-j * Uiill <Lc. j_i_u j_i3 jjj 4 It i"itl jj Jj < ^IjU 1 n^l JiljLjejJI ^_ 

.0 - A) (J^ajioJIjiaJl .4jjj^ i>itl 4jJlJuJI j-t^jJ ^jl <wM 4 U uJI 




.j_JL*UI 4-JUl:0 .A) J^ii.ll 



: ^_L Li_u3 I ifcj 1 a a. > j' : — - 1 1 la tc-lLtuJI CjLal Jl^t" i nl JJmjj 

.(^iim- *,yo) Ij^^Lj^JjC \imt- ^u ^1*3 « ( |im A- i) ^l^ ^A>s 

.Ui^Vl sl^Vt Lljj ^ Jj^^JI sjUV gJaill oljjf ( j^i ;jU ) ^.Lu^ - 



luLxJISJb-jJI 



. JuaLtlllj (^jljlll 4j9.} i^jljjjJI AjS.} i ^ ^IS". ...VI i£j JLa ,J^=lAII 4Jaj (3J"*"" ' 



■ 4JjTl..U.U ~t-,„VI ^_lL-VJ LlL^C J-^JJ ( Y . A) J^— |fg]| 

■ ^yJljUrnVI £L-JL*l]l aJU^. J-^JJ ( V . A ) J^-i Mill 
.( _>£>-<" <J-"b (1^ ' ' " ' ) » ^Stl Cjljji jlstJu SjLlJ 4_lL^1 7"-^JJ ( £ . A) J^— i^JI 




luLxJISJb-jJI 



gLulLSJJLS^u 



•IB 



,-l.UM 



IU1 







<#*>*« ^M 



-^ »Li, <fi 



^l^kx^Vl j^UI : (Y . A) J^-,,t,tl 



1/ 


A2.^% 


p^^^~ = ~^^~^- :r ~' = — — \ 


1 



iislj^. *JB JLstJL 2j>LiI :(£ .A) J ^-1 .lit! 



iullllSJb-jJI 



Grinding machines 5*1*21 uVi ( T . A 

. A-jj" i n a -»• la i u| 7c_lL>iJ 4j| CjLJ_o^=La Tcii^a-l ( . A) J^~* '"'*' 



wheel guard 
splash 



coolant 
magnetic chuck 




table 
traversi 



down- 
feed 
to wheel 



surface grinder 



■ AJjTLi.u.a ~U,..T je_iL>o ill :( . A) J^— £JI 

.jtjJLjEjJI j^*->- (jr^ 3 *- ** I « '■*' 1 1 (J-a-^J ~ a J i ^i i t, I 

.4 It ("it I a^La (j^a »j->- Jjj^ ~ T c - t L yT J I J^?e->- 

.( ^jejsJI) (Jj-« (*ii"ill A 2 la * a ^j^a jLiJljI (J^}- 1 - v J*- 1 -*^' <Jd3^°' ' * ' 

.Sjuiiial] AjJ^ols <L^=j_». j^jj - a J i >i i t, I Llb^tl! 4jjJj 4 l-a-f 



luLxJISJb-jJI 



J i-u^sj^. 4^3jj>- J-Sj3 _ 4_uisjj«JI 4J jutoi! AJjJiJ ilstC 

X^JtJj^ju ^jj^ju ) 7e_JL*l]l J-==-»- (Jj-£ Jl J-^P ~~ * JuiaJLqll 4_U-uIj_JI Sjjjtltl! ^JjJiJ A-L^tC 

.5 J i>iit,l tiJj^so iaLui^s JJljso _ I J i >i i t, I ^jjLiiX CjI Ju^s^s 

j^j»J! cnfl ,>« jiuUi 4jL«j - wheel guard ^siyi 



^bJ^^oUjciVTg^jj (A. A) i (V.A) t ( 1.A) Jl^iAVl 




.i^k^J! oSU.t.H £-As>3 iti : (1 . A) J^-,,t,tl 



luLxJISJb-jJI 




■u;j^=j^ V j^J aJT : (V . A) J^-,,t,tl 




.(jljjjJI SJl^lI SjjulL* j_JL>J Cj^T : (A . A) J^-,,t,tl 



iullllSJb-jJI 



Grinding Wheels 5*1*21 ji**\ a- A 

J^— i i"i ^ Vit"t d) L - U j > JI Cc lB (jP-!'j <LLa_iljJI oLUj *_LaJi]| O L l .i l> . < lJH^ 3 ^ (j-* 3 J^ 6 - 3 * - ^' *-Luaj 

. Voids («-^l Lfek jilajcjLilj^jj^JI Ji-b4- -^i 5 ■j^ t ^ 1 

iiiajljJI 2_}LU f_jjj td)L-uj>«JI fjjj /«j^>-j ((^yjj/JtlJI J^— > ifqU L»jj jLst*. 2 1 ^j^a 4 lil'-fcja fl^JI Jl>-jjj 

i_a^Ll>-lj ' 4JULAII SjLo IL. f^JlII <La*M-a (jU^is Jl ^JUtlll jL^>»| s-j-u i_3Jl^jj .cjL-lijJI ^al"i^->j 

a ij 1 1^. 1 1 -»■ 1-^ . ..VI 4_a^jt_) (_£JuO pjjjj *_LaJijl x-iisl^j^a JJl*jj ( Cl^l t ("ill ^j\ '—• uu\ 

Wheel symbol^**JI>,>0.i.A 

IL. Lfrie. j-l.l<TlIIj A^Jlitil Jl qf >U LfcjLuiJ J-^l-uTl! j_LapJI ^jLJr'inj < jLjej».^I fj-UJ oj"i^-it A \ i „'s 

:jjjt^ j^ij j-^jj cptin JliUI 
A 46 k 5 v 

.( (j^sjlLuuj Jl-Uj^= (^,1*3 C J LLls^JI A ) CjLi-ll-'»JI ajLa fjj (>UJ ( A ) JjVl i_Sj^>J! • 

<4_<mLJ ^A* - A* ciLuj/jla 1*- V* < A-Liio- Y£ - A ) CjL-i^>JI ^xj>. 7^5* ( t"\ ) <^j-51 • 

jJL=Z « jJL= U - Y .j^L E - T <l j^ ^jL, A - D ) j^»ji i^jj jj^; ( k ) l^ji • 

■ ( 4^ri^-.tl J-Ji ^0 - *\ 1 1 ?t n^-» A - j-^jJI AJali^-,^ lajLu^Uij ( 0) p£j}\ • 

.iLajljJI SjUl fjj 7c-xisjJ ( V ) J^p-'^l <-3>>JI * 

: (Jir <kj ( ilajljJI -iljJU (j-a 4 lil'i'reja flj-il J^-JJ 

o&>». ckjljj Vertified V 

^Li^u^f Resinoid B 

i=LUa Rubber R 

^]>Lui Shellac E 

Lui^-,ji,„ lUjIjj Sillicate S 

)u„^l Magnesia Mg 



loL^ISJb-jJI 



Wheel shapes jL«.Vl JL^if (Y . i . A 

— I — 



(j) Ring (cylindrical) 



(b) Recessed one side 



Si 



L 



mmA 1 ir? 



(k) Straight cup 

I 



tf) Offset P j 1 



(0) Countersunk dovetail 



_ 






(/) Raised dovetail 
(^) Tapered one side 

-"zz ::z::t/j 



(m) Flaring cup 



(P) Saucer (saw gummer) 
(r) Cutting off and slitting 



.£ol*uJl jL»V iiiika JL^=uil : (<\ . A) J^-i,t,tl 

Wheel selection j**} I jLuj. I ( . a 

: l(jifl e JlC Jajlj) i^t L»_iJ jjjej>J I jLji»-l r^JJ 
111 > ^ ,t 1 1 4 ij ^ , ,. 1 jjLstTu di Li-LUvJ I jj^i a jJu-a ioLa tc-lLtuJ 4 fl-L« La 4 ^ '' v \' J T ~*~ 

.4_uLc 4_«JJLJ lyi^- (J J La-Sell /«^&J»JI S^-Lt.^ d)Ll_l_L>- 

• A-Lls LdiJuii 4_ajLiLa -ilj-a 7L_|JLjtl! (jj^~~ ilji-uJl Ji-Uj^= CjLlajj*. 

.<Ll!Lc L^jjLLoj Lfcjui 4_/0jlJLa -^J-* ^ — l U c T l! LLlojJ VI CjL i -l, l> . 

.J^sLtll 4_«}L-u jl i LaJ « La2]| CjLcj_u CJ.il.ij I I pl^ AJjJS iiaj I j_i j_3t»- 

.JjjUJI A-a^L-u jl <w>it 4JVI Cjljljjjfcl Cjjljjl 1 ol^-> AjjjS ilajlj_l jjt> 

.al.iVI 1 aJj (J^Lall J^aLtll »j-p- cJJ9 I i^ 1 ^ AJjJS iiajlj-i j-=t>- 



iullllSJb-jJI 



■tc-lUeTlII '2— « La2JI i_3jjis 7"^JJ - A) JjJ^>JI 









*7 r 


4r U-v U) 4 Q 1 \ ]*■> 


30 


25 


8 


35 


l^J^C^ 


25 


25 


8 


20 


?r hi ill ?rjK"l 


25 


20 


8 


25 


t^liJll ^cjLh 



4^1 jll 





Si-all 


4 U nil! 


•yr iW Ul <A Q 1 ]U 


15- 
25 


Vitrified 


O^C 


tllljjl rrjl-^l 


15- 
25 


Vitrified 


H.s.s 


up to 
45 


Organic 


Aljj£ 


15 


Vitrified 


jjU>j 


CSjAj ^jlaJJ 


25 


Vitrified 




30 


Vitrified 


L^ 



iullllSJb-jJI 



£LulL£ul£u 






t5 ikb ftJ^JJ 


LT^J^ j^V 5 


Aiajjjll ejLa 


« nU.ffi 


L_ll J&luj 


« nU.ffi 


L_ll jiLd 


0.2- 
0.5 


0.5- 
0.7 


0.5- 
0.7 


0.6- 
0.84 


O- 


0.2- 
0.4 


0.2- 
0.3 


0.3- 
0.5 


0.25- 
0.4 


>j 



.7c_JL*l]Li « LaJllI <_3jjJi : - A) Jjj^>JI 

gjdaifU gfaiJI j*J ( Y - A 

jjj-fllll '£— I -i^-— <- a "*«.J ( jjj-fllll 4j1 Mil C^JL^a (jLa 4_d_«j<JI t-jj >. i i n-w jj^-alll £_ « La 2 1 1 (j-«j i_ i "i*«.j 

icj-t^JI ^^il 4jjJtl!l Ig.j uJ (flJ ualll) Slj^l 1 j^— j->" ^yJI £aL_ui,| 4 q (ii^j-t£. «-LaJLJl (jjftj ujl u> /<uj 

(J^Ls x_a 4 U Mill x_a (jjj^a^tlll <_LJ9 La <LaL_o>s *_a^- j_t£. jj^-alllj aIsIjJkJI £_ I a ^— • i_dj_»jJI 4-£ll - u a JJljso 
.* Viiitl 4 iiViia (j^a jjxj>JI 7TJj^>- (j o '^"' <_r^' iaLuiXI J 4 It i"itl 

L = l b + l wp + l a [mm] 

■ AJjluJLl ttU mVl ^-lLvj 4- 0>LiJI CjLaL-oil jufc £-<i3JJ * - A) J^=lA?I 




■ 4jglcJLl -U,„V| ^-lUJ 4- ^1^=-II ^k2JI 4JaL^ :0 • . A) J^=uUI 



iullllSJb-jJI 



Safety rules in grinding gtattl ^ 2u}UI kj|>» ( A - A 

:/<uj ' ^^^~- i— 3j^»3 <_dj| fjji Jl^=G 4J2I (J-ii mi" <JjJ9 

.4jJ^=j3 /<kJ M$JJ| JJE^til ( 4JLJ9.} \ SjjJ ) L^J £-JjJ-<_ui,l MyJI^trttl kcj mil (l 

.jj^cJLI iLajljJI <Uj^al uaJI CjLj mJJ^o (r 

.iJVI 2_Oj)JI tJ^Lu^a (-r- 

.(liaLLfoJI ) jL±iil 1— xa .L-u J-i-isj ' t-i j i r> (r 

. JlJ^jjJI (JjL-u 4-ifc_aJ3j A^Jajjs. <La}Li-u (_£Jua (j 

.cLl^CLo ^_ JlJ^jjJI (JjLuj Myj" I ii a ( J 

■CrSiyi £-^J i*J-o o-« JJ=G (j 
A J i iijViLlJJLI a J uojX I J ii Juia-LaJL! A_taL^= ^J-^ 1 &p-a ' SJUt-ifqU Ct-LiTiJ 4 Iji nj mJI (jl (j-« Jl^=G (da 

/_!£. 4 laa nia-4 Cj I Ju^al, I (j| ^j-° _J 4 li ("ill Ji^>-_J (*-^-J >A->JI 4^aj^>J 4_jj_»- J^>-_j (j-« > ^— > I j (_<b 

■ T C -L T CL O _a^>J 

.4}j)(^<na <LJVI 4jJl*j]| (jl (j-a Jl^=G (j 
.i]VI Sj i>wa {yi <_>uLjJ9 JjL^J jl Oljjf Mjl JlajI (^ 

.^_3t>JI (Jji m" JlIc I iJljjlj i * a (' 
: LaJtl£. k\cj mi Luisj^l aj i>iit,l tl!j^>o "^ (V 

. 4 U m 1 1 ^^3 LJJJ-2 ^-3EJ>J I ,jj^~~ » ' - 

.jjxj>JI (j-a 4jJjj9 a J i >ii t, I (jj^~ >"< ~ 
.*-«isj-o Mjl 4- 4JLLUL a J La I <aJ "^ eljVI (jl (jj« Jl^=Lj «U« ^f juAJO JjJ9 (r 






iLLifoJI Jjla J"t^— (jr Ll jjjej>JI l±!j-»- ( Jj^' *J-*^ <l*-uJI ~k-" jjjej>JI (j-^«Jj LaJtl£. (r- 
ijLsol ^_ 4 It ("ill »lj" i ill ^Jua^-LC^-l I La )) (iij '.'^~* "^"J^- 1 ^T— l L>3 4 It ("ill ^eJa-m jj^~ » ' L*JJ / 

^ ^— j — " 1. 1 4-lt-iTaJI (jcj j^ljJI j-5ej>JI (j£. Lll^j lIJJlJ da.aa.1 (r- 

.aJ VI (J-«3Jt3 LoJtl£. (_pij|jj| (JjJ3 (jl jl <li i"itl 7t in i ii (jylc. i-i Lt - n^ I jj-4-i V ( J 

.'LJlx. a; I -i^— » ' ■» U /i 11 i ^_^ej>JI ^j ^ i u^j-o i— 3j-*jj (jl j»U-*JJ » la 2 ' La Jtlc ^_je->JI Qa^aJ O La 'I ( j 

<,JJL>JI ttj-t ii-Tit .J^-til 7r la i ntl *_a-"-u t£>J J tillj * <i i n"< i_3j_i_u i jljijjzl ^_ jjjej>JI (JlJ IjJ (j 

.j^JIc^-ol 
■ i t^^-^l o^—i i>Ji_a^-j (. i j i ii j-ifc I Jl£3 .4|^-i nua (_£2 O-LbjJU I jl <_lljjLC.L_a>a Ja^-^m £ya <_J2al (j 
Jy>-j ijjju <_Li*J aJVI tiJjJ i_cjvj V SjiLc .i_3L2jVI y-LH<u SJVI i aJSjf i AjJiU. falj aJL>. IL. ((_£ 
jLtbVI i^ljlf jL^=> lij j! t g-la 2j jl (JjJlJ (jljjjJI 4- J-=*^' J """"I ' l^lj -V S-^'j -0 
((jjlf i— ij"^~ i a <La}Lc » LaJ jl (JjL>-j .jjxj>JI 4jL«j>J LlsIj lj^*-L>- £-l^J ' aJVI (j£. 



iulillSJb-jJI 



£LulL£ul£u 



jj)U» 



■j^k^ 1 






S^i^UI oLalj^J ^A U 

T^Jj-dJ 4J I ^j^. Ajj" i n a 9eJa-m I tc-lLvj 4J I ^_La-l ^jJ I «. Ll i"i 2 1 (_yA La 
Stc-lLvj j^ci>. I j < a » * i a ' (^jJI Cjuj^aJLI (^A La 

Sa^=L>J! jIjII ^ ^i S>Li j^=i! 

<7&-Lljerdl jLxj>-I p_aJ3 < ll ( i nt La 

.j_aj_JI CjlJ_a^=La ^Lta 7c_iisjj jt-JLso jjxj>J lj-«j < ; i"^—il 



•jr^J 



.^.il 



.AJjio oLa ijL*jJ jJLa J^*->- aIjViiiiI <Jlil 
. jJLs jjej>J aj-pJI JJJ9 J-aLc a!jlJc1<jjI JLl 

■ 4-jj" i nt, I •- la i ■■ » ' tc-lLvj Jiic » la 2 1 1 (j-aj < iL-urv. 4_La-t^3 tt-iJ-> j 

■Tt^L-vj A_JLaJLj *JlaJI <JjJ9 4 La T&fl c-ai La j-^=Jl 
.tl-lLsejJI Jtlc A-a^l inll uLajl^ajis ^j-a 4 i u q~>- j ^— Ql 



.a 
.b 
.c 
.d 



•g 
.h 
.i 

•J 
.k 

.1 



iullllSJb-jJI 



UtSj Ljjj j^bLA uVl ftldL&uub jiUll JJlwJ j£ 3hmi«j 



< «.l JlC. (j-a 4 rtl'AeJH CjI^-Ll L^ . zl TtLjJJ 4-J of Jj(j i n" i—SJl^j (J-«J(-!I (JjL-uJJ CjIjJI ^ ' ""^"t LijI-} (jL-u-iVI (jtin 
L) a J '"' ^~~* c — *>^J^ " > - / * I * ' '•*'' *J3-^' ajJuLij ' JJJU '^" > " (j-a ™>- t£ \3 (jr^J ' **- Sf " ' ' " i 9 ' Q ^~~* ' " n J ' - I ' o^3j 

aj^uJlIjJI » Virttl rLliV a^L>J| ojlj io^UI! Sju». 2-iLjjj oU^L>JLl <jJl*j jLojLj .Sj^U'll oWI 

(^jVI (JjL-u^JI <-■*<! ^-. j .4_^3_uLajjji '~<VTjjjU",t i>.L>J| CjLifoJ I JL^=Ljbj ^JLc a-S_^>-J Sj-l±^= oLj-a^aJ 

p^~~ •-►"^ 4- ** .' ^"' " ^-iL^J-J O-aJiitL-ul i-t-^P" ' LaLc (jjj-<-uj Aj^Ijj 4jLo ,JjJ9 1 < uJj.3 4- Cxaaia p^~~ L^elU 4-a-gi, I 
(^jisUI (j>2JI CiLu-m-aA. '4r <-^-uil>J\ pjJ^ <^>- Ia2uX\ CjU-^UI aI jJtl^l j_ola3 JuSj .4 ui««tVl £_<_aj IL. 

^=laOJI 4. .( NC-Numerical control ) ^r^jJI p^^iil «uk. jIUj La j^j c_^HI Jajj.iJI j>^»j 

jl i Laj Lua^a *lj-4> jl ^^^~- ^''^^~* ^" (_P^-"i Jrf^- VJ-2jJI **l>^ (J^-^* - (j-* 3 ^ <i I" Je-l I J-^'j^l 4_J VI ^ 2 bj (JJ -<iJ9jJI 

Jljjt£. jl SjljVI Jl j -q- t -l 4 I i ^l" t, I 4_uL)j-£^=l!I Cjlj^LaLU jjljjj Jj^-^-jj (Ji-'-^J-* C-1JJl>- ^LlILlJ (^yjjjis ?-L»-ilu 

<UjLa JjjJLso ^j*— » a) Cll i i uL>JI JJ '-"*"' 1 9 .4jlLa2JI (JJ + <"'" '"' _ "T* (J ' "' ' "" 3^} ?-r~^ 4- ^JfijJeJtl £- j->J\ 

i. < i »L>JL) (^jjjjSjJI p^— i-!ell!l jjk LlUj ■( . iri'lU daJj_i!oJI (j£. »1 it" i ii zl (^yJLlILlJ <_ i i nL>Jlj 4J VI (j\J 6j-uu\-ui 

CNC - Computer Numerical Control 

<£i«?2JI «*>UaJI ^UJJI ( Jj^-.,V,tl t Jj;,VitloLi^^^jJI^L^lJI aIj^i^IjJ^I J.2J 

Cj>UlAII rLlJl ^-S- 4 "^'^ (jr^J-^' f^~ '^1 <>« -iLflli-uJ J-Lt-JilII CjLL»c 4- -jl^I.1 iljLlaj i rtjlt'tl 
4Jl_LU3j 1LlQ-<j Jius J-q-tJI CjIjjI 4J|_a^> IL.J t j Ij-qTli-u Li 4 JJ I La 1 , 1 jLuiJI «JaS rLlJl ji i ^^ jIJlCLi AJ^iLaJ,! 

jj^iiJI CjVL j^L>JL) <_JI_^2JI rLlJl oLJL^i luiJj 4- <-iUJl^=j coLcLLlIII J^IjJ 4- ^aj-^l olj^j-a 

ill ^yJLl LbluAJj c-ut^aj CjLtl^tla ^>->i ^..-l>-j jLtjVI AjSJlj /o'i^j ^..-l>- t ^Lij^^aJI Ljj-flllL) jl 4-Li-uijJI 



iullllSJb-jJI 



:t_<-<-uL>Jlj (jr *J9jJI ^^-»-telll AJjJaJ 

(*_La_2J| <Lcj_i_u) Sjlj^fl ^j-»g (j'jJ^ icj-" ' La ." ^ ~ » LaJll I Jj -T* i La • < a ~ 

Jj^jjJI Jjt ("ilj JlJ^jjJI (JjL-u 4-ib^a £-3j-« ' La j i r> ~ AjjJuJI <Ulj_i_u i Vi j i a ~ 

.4J2(I (Jjt (""< - ' - ' I J i a I , I *_ca^a-« Ja-LLa - 

^La^l 

.ilLifoJI 7t V-wiii 4_a^*jj jLiji 4j3.} ^ Jl^=Q]I - i—t^Lla *-Soi (oilll f-Lj-jJ ~ 

L4AJ3 (^Jua /*uu2jj ,»}LJ9^I tils _ 
(jljjjJI <Lcj_i_u 1 Vi j 1 a <UL>. ^_ 1 o^-> (^yjLij^^s j_olal-t (J^aLtll Jjt ("1" j-lC /<uj (JLa^ll jj^a j^= j La Jl-la m jjl 
2-ij.i 2jl->J Jl » La 2 ! I j -T* LJa^jLa £_ I 1 ^— • t^jl! 4^9^ *j' J l Jr^ 1 J' AjjuJuJI <Lc.j_i_uj JjJjJJj -^-U Jj + ifujj 

IJl^jj -jW^' J La-3j (Jjj-ajj Jj_3e^oj LlIT (JLaX. ^1 (J^= j j ii i" (jVI ^j^— > 1 ) 1 /oJLSJIj 4 U ifgll C^iilI? ^La^o-U 
4 It i"i J^—i 1 J^ijj JJi^ta w_alj^_<j L»jj jLpJI (Jjj-ajJj J i^i'<^ j-aljt jl Jm-al jJb i. 1 1 nL>JLi ^^Sjl] /<\^— i-^lll (jLa 

Vj ^ ^ ' 

•Jj* '"'" ^LjJLjj*-! (. t 1 iiL>JIj ^^^ojSjJI A^a^ell! «-<»LJjJ 

: U- a er«\) f ^- | "'" ^^ U J^'j 
< 4jjuilll 4-g.j 1 11 1 f t» Uiitl 4£.j i n t j-ajll S < CjIjU->1Ij ^alj^xll fikij JjJl^cII N) Jla i_3jj^»- _ 

(jia^JI S|j| JjJ^U T 
.«_La2J| jjjiilj y V>7>\\ iaL_u^aj 4jJlJl1IIj (j'jj^' icj_ui jl jJLa JjjL^tll (»l-^jl ~ 
Sjl J^?l Jj-<3^1 J^jJ^ M03 )J!u3 icjJla oLtiaX, JJljso 0^*^J ^A^^ M i-3>>- -J LajI J IjjJ jj-aj ~ 

r.jl^l jj^J ^j^ l^L2jI M05 « jJjilj jjJLl J^JLjj M07 t icL_JI vjLSii ^UJI ^ 

(^jJ! ^^ "tl 4'jj^^jJaJl ) Uj^j cii^aiJI 3>LiJ MlO « aJuUlj-^ M60 



iullllSJb-jJI 



(jU A) yCua » la 2 ! ' l\ j| Li!j_>iJ ^-ijl 1 11 a s <U^sL>- ^-a'_jl JljJl^cjJ ^jl <i ^j ''^-"-i u i—S^so I Jljj j_J-aj - 
ic.j_ui jljJLa G97 cicL^oJI ujjLa£. oLsol IL. Ajplj 4^=j^»- Cr02 t p-tZLioX itaa. £ a^— j^-lt 
(( ( _ ;r aJ9jJI p^=u*l!l 4 ijrT-w jiaJl ) Lfc>-LC.j »j'-^' ■ i J-* il u'jJ- 5 

N10 G96 S200 F0.2 T01 dift ^J^ 

^-aLV^I ^ Sj-£UJl s^laiJI ^ NlO 

aJLiJS.} / jILa Y * * ^^ 2j_iiL»_!l ajVi->1l iL. » Uiitl <Ulj-<-u (jt <j^*J S200 

.SjjJ / pla * ,Y ^^ aj-iiLtll i^aJa^JI iL. ^ j^illl <Ulj-<-u jl 1^*^ F0.2 

. \ pJ9j pJLUI j_4> Sj^iUJI ajVi->1l 4- p J^el^ail plUI (jl ^,1*3 T01 

jj.Lr.L2i '"■ )l ^— > Mj" 4 Li 1 -x/i" (_£l_l 4-t3 p" j ' (J 1 ^-* a xjJUjj ■* ""^— » pTa aLSjIj i_3j)jj>. ^j-a j^=i j La ^1 Jl^t" i 11L) 

«j^j^= C^JL^= La^-a JiIJlC.1 ^L Cj>UlAJI rLlJj ^^-iqj £ LjJ y"^— > La ^3-1-u JuLu Vj j^=lo3 V 4JVI (jV £ 

2 JtC (jr Ll Ju»Jj J-aLc t_aj miJ (ji lLUJl^= J ^— ajj -LjjjJ 1 j"*<L.^> p2i 4JVI Lt,LL 4-JLtJI aJ>_a^>JI ^■■^';j 

CjLsjI -S^»-J aJu«J ajjj^— i <Ll».LuI (. 1 1 nL>JL) ^-aJSjJI p^— i -xlil\ q a t^aj I Jl$j .OJ9oJI (j-oAj 4t- J J* '■" l " cSz\ 

<LJLc «-S^»-J (alj^/l dlj->^ CjLaL^a <la j i >~ iL. ^ J ' ^f^Jr 1 ^jLJta ^IjLSr'iinl Jto£. (_^aj.3?ljj iajLiis 

^^ Aiil^-i'tl aJJS lIUJl^sj (^j-iiiJI <_LaL«JI jjji *LijjVj CjLsL^JJj CjL^=j^>JI . U < i a, 4J3J> i-j-^-i-aJ CjMJlAU 

.Cj>UlAIIj CjIjJi^/I c_fljj aJSj (>JLaL«JI JJl£. 4JJ9 i—lj-ujJ JjaJaJI ^Jdl 

tt-i^uUJLj (jraljJI p^-»^elll ol Juus 

c_ Jla Jtlc .4lil"i^-» J i n 1 1 n" (. uuia. 4_bjjjtli (_ 1 1 nL>JI aj-5j 4j-aL>. CjljLil CjI J 4^-jJj^tC. w_aLJ^<JI <L)1"^— > puj 
(jljjjJu (*3-2-i i^Julj JJu>Jkl ■ il 'j j^~~*'' j_aJaLaJLI L^Jjj_>iJ (J-mL uJ (. < i u~*- jua\^z\ J^u^j 5y_aljj_ul (JjJl^uJ 
j_al (Ji>- JJ <i-J->- • 2j_a^= Jdl Cj I j Vi -> 1 1 J i a 1 1 n" Tciisjj ( \ ) J^-i i"itl .2 _}Ju=ta ijilaj a JlIj 4-lj I Vi t, I <Ulj_<_a]L) 

(1) g^aUj-JI J ,; ,V,j .(T)S>^=I JJI ^ Ulj>^ plj (Y) c_^UJI j-tiij ( ^ ) i^jlJI j^i SjIjVI Jj^i^j^ 
.C\) Sjl^l Jj-a^i jjJj^JJIj (0) ^Ljj^^itl j>ULll Jl Sj^=lJJI <>aj-aVl ^AJJ 



iullllSJb-jJI 




J©!—-— J 



-Q- 



-.UJL c^jJI <*^=^l Olju^ ;Q) J<g-iAtl 



aJ^ c_^l>ji ^j-aijVi <pt3 d~p. .uiiii SjiljJl ajjJ^ ^jj (V) j^-,,t,ti .Closed loop system 

<Lc.j_<_aJ ( _^sL>JI j^LsLil l1UJl^=j o'jj^' ■^j-g-t-i (J^sUkJI ^Lij^^aJI j^lsLil lILj^jso /<uj ^LilLj « La-SJ) 
.tiJj^eliJI CjLal i n a 4_jJ9lj_a iSj^Ia Tciisjj ( £) J^-— ifuJI .4_caL>- Cil i ht »j <LJ9 1 j_U j_t£. tilljij ./<JL2JI 




iiliil s^SUI j»Uai :(i) J^-i,t,tl 



iullllSJb-jJI 



£LulL£ul£u 




t£!jj*iJI CjLaL^a ajSIj-o JjL"J -(V) J^,°:.\\ 



.(_ 1 i nb>JLl Lia\) L$j p ^— > -*■" a ilajJeja :(1) (J^auSJI 

4_p*l_L!l 4- ^Ij^J '-^ <!>£■ "^-V -AJjuiSTJI ilajjtil 4- U-^= Jjiu.i'tl ( _ ) iajLLaj fjif -ia^-J j»Jl£. Ja^}L 

Ja^»-J ;»JlC lLUJl^= ~ i alj .^jLJeTLL-u-a *_aljj_) Jjjmll J I £_aljj_) ^llJLu JL>0^ <^»->J iLjJtil (j^Ll igj ulA\ 







j^uaijAikfta^H 



.jjUIl J j* mi" CjLaljJelLul j-^=Jl (V 

Cjl3jj IViUj CjL^sjj molt <Ll!Lc 7r Vt i ii ^-«JJ<-1 t 3i^**'" ~~ 
.<LLaj Jua i 4J9j)jla^a i 4^aj j i ii a ^J-Ijl J"^-— ^j^a A-uLgJ CjLstlla r-LjJl ~ 

Cutting motion «usti 

: J>U. work piece 4i;,t,tl ijjljl* ^ ;lLlL 4JI3V ajjj>^I i^>>Jl ^ 

jjjJ^I 4- U^= tool sbSU sjl>.Ij Sjjj 
~U;tl £_ U^= sIj^J jlvIj jlj^a 



iulillSJb-jJI 



gLDlLS 



Feed motion ;uj__!i ;l_=j_~ 

Sj-<l_<__a SJIjl CjjJls- IL. i_c.ll.uTij « La- 4_==j_^ A^J 'Ar Cr^'j aJLL_JIj slj^M (>_) A_=j_kJI (__£> 
t___u (jr^ 1 '-ij ill <L_>Ij_kJI /<l1_ L$j aj^J i_>lj_«JI 2— oj o" i u a 4 ojiVi i u a 4__jj_«. <_— &J .(jJ_-«JL! 



luLxJISJb-jJI 



Setting the cutting depth motion ^t-sti j^ ,u ; .;. 



— I j \ln\\ * Viritl jl jJLa JjjLjtjJ 1 <i(j i na^Lj 4 ti ^ 1 ^j^a «.| Jjlil 4 U i"itl jl al^M-I J] jl cSj^ L ^d>" > ' J (jr^ 
. 4 U ilit I CjLj *_« «JL2JI tiJj^so 4IsIjJkJI £_ JJtjsJkl « La 2 1 1 jlj ilit, S Ju»-lj Sj-a j a " 4^=^>- (jyjfcj 



.4_t^|jJ|j iJjiaJI iLl^iJI 2_ «■ U^tl <JjL^=jj>. «j-ujJL 7=-^»J (1 





■ ^Vij^U jj^ilJIj ^y^.t^JI jj^ilJI £_ *t-<iitl oL^=a^». ^j-ujJLj jc-iisj (0 



ASljJl 4«. 




#M j>jB\ 



luLxJISJb-jJI 



.^kU! 4. jJ^iJI ol^j^ ^j (1 




^*<|jU ,„V) ^c_jjjfcll|j ^-»-U . ..t| i-tLatliJI ^_ «_LaJjJI CjL^3jj>. («jjijJLj 7=-^ J (V 




.<_u2l]| '2— j» Uiitl cjL^=^>. j<w-upL> ^-lisj (A 










iulillSJb-jJI 



.^ujJLj 7e_uisjlll *-a * t-iMl 4jlflf rj-" 1 ' ( ^ * 

(JJjlU *j^>i ^^>>J ' AiLiiJI (jJuJL JJi^ta « Lai J) af (jr^ 1 l^LajjLa /<kJ ^pJI i x^LaJllI Sljf 4-i^a}La J^- 

i_£Juljj x-LaLSJI Ji^JI it-ii La .iLjJijL) ./<ul J J ^-i mi" aj_iluL^a 4- t . u j < (jj-* 3 J ^~~' '"'"' *-LaL2JI jL^tU (j-u^^LI,! 

f-ti i us (_gj)"i i n a ^_ .j^» *ll CjjJl>- I Jljj «j (j-a_J 4 It ("ill (JJulX (_>*a3 4_ajULa /y-Lcl 2 jJajJtl ^j^» **l '"'' N ' j**- 1 

Jujjju ((p) <Ujlj_i (jr^ritl ^ jTn -u-a (Jj^jj .(_pijljJI jjfc (JJulU (j-a *j^" (J^ ''""^ (jr^ 3 * - J a" i njj ^y^al] ^^LloA 

(jr Ll Slj^/I ilaJLLa jj ^— JJ jjoijIjJI JL-a-oJL) .aJLLjJI SjLa fop j^JLcj alj^L) i_3j^>JI <Ujlj <_^lc. Lfcjl jJla 

J^— > iuJI . 4 U Mill (jJut-a O^Lua jj^a (jyicl xlaLSJI Jlj>JI 6 J^L»-a jj^~" '"' O' ' * LaJiJI jlj o" i nlj CjjJlj»J lLsj" mij 

.* V>7>\\ 4jlaf TClisjJ (jyJLj-!' 




^-kaJI 4-jJL^ :(t ■ J^.t.H 



A \ < . t-« <Ulj_l-U 



:<_^-4>j (jijIjJLI f-loJt <u}Lj tl!LLb 

a U» , „j~, n Ajiyuus j j (j Jjua i -~^ £ - 4J^La _J J (j^*-a 



2 « Lai 4 



4_l!Lc « Lai <Ulj-<-u 



iullllSJb-jJI 



■ Cj>U.iSiiJ Aj^L^= -iL*jf 4J9J>j 4_JLi ttViih ix$*J 

4_l!L»JI 2jIj^>JI 4-ajLlcJ jtlaJ Sl.il SjLa AljLJr'nul _ 

aoJLij 4 U )*ii)lj *_LaL2jl Ju>JI 4_a JiJLa (j-u ) i"i>Mj 4 It ("ill ^JJula ^j_« (Jj^nul I Jl3- ^-Lt-oo sv 1 ? - O^ *J'- lC - _9^ 

.^ykoVl J.LL2JI j^>JI ^ Vjj j-k^JL 

.JJLilll 4_lIcj: IL. «Glj_ut3j 4 Ii^iVI *_LL2JI JuJI (J3^=xJ t-Sj^jii 7e-^3J ( ^ 

ajj (jl 4 Sj -lL li 3 i_3j^>JI 4jjlj (jj^~i~ (jl ' 4JLl2.} / jlua A * (j-a jj£=i\ * Uritl <Lcj_i_u jij)^~~ m Lajtlc (j^ai*. VLi 
ajl^jsJl xj^j-^y i » la 2 J I a_jJ9 (j-« <>.}^>-_J t^J-* •4-^J" » '-"■** a I.} I a Jl^-"i i uJ (jl J I ( JjjjJJjj ^L>rP ULJ^ -1 * IaiU I 

.4JLJ9.} j_t£. IjLijI J 1 i ifua. [skXz-uu (jr Lajuj ( SjJjjJU 

.JjjJ^lJlj "■*£>■£"' (*''■*•>•" '"I « jjlfl 7"-oj ( \ "\ 

4jJiX t^aJ eljVI JaLal>»l jo^'t LiUjiJj SjJjllI SjIj^kJI ( >ajJJ^-' *j^ (- > -r i u (JO'^J JLJi^pJ i ~ 

■» la 2 1 1 ^j^-— » ^ ' I <>»il ■*■!-»/,, V I 'Lajju Jj i '^ ' La_a "^Lc- * '-^ a 4.g^ i u ) xja^j q\ ^j^-— » ^i I ^JlLJu^ 
(jr Lli 4_L>-Lljj (j«l'^ij L<J-a ifil-C. ^jtju 4£.j uJ 



iullllSJb-jJI 



( Uai. ) .LJLtll Lgj^-jjU LuJuJ.1 CJJJ>JI aIjlsbIaJ J'Airtj (^ 

( tU-^ ) Jl dh^' aVLa^=> *J3jJ Jj-Jj^llj JlJ^jIII <JjL^! Oj>-^=l!I ■ al <>»j (<r 

( < il^i^s ). x-LaJUl Jj a-Cj <UJl*IU|j *_LaJUI CjLc^-u/ i_3^Ll^.l Jtl£. (JJulJJ (j-oaj ^_pijlj f"_J-"-i (C 

( LLi. ) .5j,M-x^l!I LJLi jlji.1 Jji A" ju£. g^auj 2J-^)M j-LLHI j^»JI (■> 

( I V-c-w ) .«Qjljl ^j^a *ljj (_£JJI plj^JI (<^*->- £-« (3^1 Vi"n Ji3L-iil (_pijljJI (<^*->- (j 



r 



■oVja Mio.lt 4-JLi «J^>- o o ' aj (jJju^J J 4>f-^' ( ^ 
4 jl or j j ii i" 1 (Jj^fl ilaj-iiJI jjb I Jubj 4_jJLc *_La3 ic.j_tjij Jjt ("utl (j^~i oj JjJj-tlj -i>^-ll A^^ ^^ 



Li>j-o£. Jujj (_^T i al jVI ?J 1 J^=L3 J2j lLUJljj i eljVlj aJLjlAIIj aljVlj (jijIjJ! 



iullllSJb-jJI 



j <l" i all (_h"Jlj QJ)^-'" J-° (J J* ("lit I (Jji^ri" (^ 

j_yic (J a LajJ I ^j o tiaj La_4 Cj I j l^lufc z I 4_L9j *_LaJiJ I a_jJ3 Cj Lu ji'^' < o" i u a (_p"-> I J ^j^-—*"' x_« (Jj* ("ill I 

*-LLUI Ju»JI j-»-^ii ^jjJ -(jri^-1 ^j'j- 3 - -^J^ 4- L ^ '-'."■ ""'J -<_>^^>J'j '-^H?--" ^Jj'j J-f*- 5 (jr^Wi SbVI 

.sl.}^l gcJa-mJ lLUJl^sj (Ji-iioil 4-lt.iTaJI Tcla^aJ oLjL^J 



iullllSJb-jJI 



: (jJjVl I jLa-_jJI ^A (^HJI J'^rtU AJjialJI oLjjJlLJI JjL>- 

.» Uiitl (_3«j2a ^J^- ( ^ 

a _iU, Lt-U » la 2 J I i_3j)jJa jLll>.I jtvlu » la 2 J I Jj a-g < 5_i JulIJ! 4X.j~i_u ( ■» U ^ 11 4^j_i_u •» 1-^^Tl ' ^j)j ^ ' Jll^l2j 

.*J9jlI,l alj^M j-aJ<Jj t 4_aji£. (j-a (J-Jj3j Jj>-u <JjL-u .S^vjJj i alj^l LjIjjJj <*-LL£JI Ju»JI ajUj t 4JLL5JI 

■ Ci^jt Mil, I a.i^.j i S Al^-i"tlj ( 4_t>-LlJ2l (^yic j3Jj 4J2 I -i j a « LaJLJ I i_3j^JaJ -"^-> ual\ j LlL>- V I j-p-tj j 

.» Unl) i_3j)_^iaJ tt j**- i^-itl JljJl^cIJI 4_La_ifcl 7e-ti»J (V 

.CjLjej-UI (jjj i n't (jjiaLuJI a Jl»- Cjjljjl (^yJLlILij (JjJlII <j-a jull^s 2— 4_uil i i^itl 3jJl2JLI Cjjjlajj Oj i""nl Jl2J 

Laj (jj i ntl £_ *L2jJI (jyiij « La-2J I i_3j^JaJ •»• ^-*- L<aJI jLll>-VI (jLs I jJ i Lfej-^Ia aj L^jJi^>- <4- ^ & a }LaLcj 

L^jJl3»J J^— !> *-« «■ U5tl icjjj, 4_3jX. (V 
tt—llojIlI .^j^ajJI a Jua-J £_ Jt miU -»■ U . .. 1 1 4 j i nilLi « La-SJ I aljl LjJtla 23 <jP-JI 4^1 i nil LgJLl » La-SJI <Ulj_<-u i_ SjJtJ 
<iU ("ill it-HTca (J^la mJjL-uJ £ a Jl»-Ij sjJ-S ^_ 4-uljt-i i »l 4 It i"i ttUih (jr^ 1 *JjLSeja iiaJL) 4 t V> 7>~ La jjLa <_lUj 

.(i2j^j / j» C;r 4 L^jJl^jj » Virttl icj-i-u (j^ J'^iV< l5^ ) ^-2j^J^I 4- 5jjl>JL1 ila2i!l l^"nVi> ^pJI iaLjJLl 

CiMiAJI «J_^>.J ial^alJIj ^Lt>.Lu)?l ^^ J-la2JI <£.jj-uj-utj £rU (1 

7rlliii (_;,!£. Jjl^l-rlt ixILc J-laS ic.j_uj aljViffil lL^" mi J 4J^ tCiV^LiMI sJ^JJ- ( _ ; ^Ul xJaill icj_ij/ jjjj 

,_LaL«JI L^Jl Ct~p> Ljl^alJl (_^JLij Lt>-Lu^l (jr JLi « La-SJI icj-tj jiij3j .aJLLcoII (J^jjLSJ, aJLc A^J (jr^-J (*£.L» 

4JUJI ajlj^>JI i^-ijJ .«Ja2JI *Luf ijJLc »jlj^ jJ>V Sj-jiLXI L^>L«J CjIjJi^I jji£. JJJ^J 4- (j'-'ij^jJI 

(j-a J12j SbVI jjjaII 1 dJSjlJl aj!i^= jl .eljVI ?J J^=L1 ^'j^ iP^^J I j" s\l .-^t S| jVI ajLa (jljLaAJ 

CjIjj! ^1 Jl^L^I m^JJj ^i]JL^= .^IjJVI L^aj <>a ^jj CiljjVl JL^i SjLcl OLI*^ jlj^i"j ^Lu)?l 
.ialiil Cj^LLifoJI (^y^jjLa^s 4^J 4- (J^=*-J »U...t| i^_ 4Jj uta. CjjJl>- Jl iaJLl 



iullllSJb-jJI 



«. Uiitl icj^jj jLji>.! fjju^uj] j-^=il (o 

t^^^A OJuLLa (J^oI^jlJ Lt-u Liujij 4 a D ie a Jjl Jl>- ^j^a *_LaJjjl <LC^_i_u JljJljso /«jj 
L^ia^eTLi *-LLoJI Ju»JI oLa i ^ i ,-Vm LaJtl£. <LJLc »JaJ9 <C-J-" jH>o • 
.tlLuslj^Jlj CjI Jl.uj^J! Mia LJUJI Sjlj^tU 
Mia <4>^ 4 It i"itl SjLa (jj^~i"< La Jtl£. <LlJLc «_La3 kcj-uj jL ' i Jv j • 

.Aajj^a^J 2 I 

Finishing ^ nkiVi cjLjl*c j^^i-u jj£. ^.j^ t^ *^j-" j^*^ • 
Roughing a-uIj^i^I oLW: jj^n jj^ iJLia ^LS ^j^, jLiio • 

2 1 jl j-a-C (jr^ 1 (J J ' ■"> *> 1 1 J j i >i aj Jtlc iLJLa *_La3 CjLc.j_<-u jbki • 
Sj!i^=j 3JV! AJi J I aJ^I Sj ji j-t.Lg J if 4JLJJ9 « LaJ3 CjLcj.^ jlj>] • 

.LajIjiaI 

Sjl J21 Js^aC O'JlJ^ 4X.J-" L-lLma» 4^Aj^-i 7sjisj (*\ 
N sjl-S^I Ai"* 3 ^ 1 u'jJ- 5 ^J-" V^ '""*• (^ (Jjl J^>JI (j-a «Ja2JI ic.j.ij, jLll>-I Julj 

N=1000V/7id 
[m/min] ^il\ i^j^u V : <l-^ 
rev/min SjbVI ^><wi obi J ^j-" N 
[mm] .t^i <jj^i tji^i^-gJaSJisijt^iflSj! < iiiAJl^iaad 

L^jJl^.j j^ai *_a 5jJl*1II ic.j_^u <-3>C (V 
J? jJ^iiJI 4 m^-i m .ajjjj jl iLlj^JI 2_ SJl^Ij ajjjJ 4JLLUI Jl o^-ij Ju£. sljVI aJJjj *^-j-ui ^yA 



iulillSJb-jJI 



<U juuJI icj_<_u jLll v I fjjtujj) 7e_tisj (A 

tjlus SJlC Jjs'^jlJ Ujj 4_)JJi1l1I i^^jj Ju_L>o «Tu 
(JjjjjLLo ji /<uilJ 7r Vi i " (jr^ 1 (Jj <<T»U I Jl>- aj. _ L t .L g> 4JJlJu '*- c -J-'- u * 

.aJLlSJ 
4.uljrt"ml CjljUf luiJj Ju£. Sjjj^-i 4J Jlsu 4£.j-ui • 
' J-uaJl jl .a^a-U^a^J^il (JlLa l£>*3 tj^*-" (J J* '■"'" J^-tC- A-pLC 4_iJlJu <LCj_lu • 

.Mild steel o^j-^ 1 e^^ 1 ^ 

ajljjtU alj^l ajLa Jj^>o -il-ijl 1 0*^— i^Lt ^J^ ic.j_,jj • 
?eJa-i-u Lr^- (J J ' ^ "*" l^>- oj-iiuus AjJl*j lLsIjILluz t Cj Zj Jt-cui, I aj>^>. (jr^- ^j-^*"'' "^.J-*-" >-*l^ 

j"^~~ »l » '-^ a /T"- 1 ! "*_ ^— » "j /^Lt-i j_l>. j dyj 

* Uflll (J-*C jLxL».| LkajljjLo j^=il ( \ * 

tjius 2 JtC J^alj^l *JaJiJI (Jji£. jLll > -I Jtl£. (jr clj-j 
(j-»£ Ja-uis CjIj^oj » U. S 1 1 j-jjl , „a ( _JjJL5j^_tC r'Lli Jil (j-«j J.; * 

■ A-ulj 7)~ 1 n VI CjLJUjlII ^_j_l±^= * La£ Jjj^C jLll > -I /<uj * Viiitl 
jIj^Ilo IL. i-<lajjUt lj 4_lUjJI Cli^a jj...-|lt ilcuiJI Ttia^uVI aJIjI • 

^UJI ^ Jj^-, ,tr,tl cy> ?p2 jii\ 3j,n,„giVl SjJ^lj JUjJI 

1^-Lt.Lgi » IaJl]| (j-»£ >jj^~~ ' ' U' ^— L -" VJ 4jj£.LJ ?eJa-i-u| (jr^- (J J ' ^ **" * 

■ g n ! A"t > 1 1" r V I 2— I A-» La a '.'M ^ Sj I ' "t l » 1 * , ^.", 1 1 CjLiL^c CjLjaLaj • 

^U ("ill cJjJj j I ijLaLisI ^ Vi^ jjjLius 






4rtl^-wtlj lp_^>JI (Aj^bJ^M ^^ *-LaJLtl Jj^^ jLp^l j^utj jrtJ (M 
/j-»£ ^J iS-j. vILq-llX Ll jjjjLSj^j Jl>-Ij jlj) i"ia ^_ (JJulXI ^j^a (jlj- 1 l^^t' O^? 1 ^ P'-^J' 9' ' " <a ' " * IaJlII Jj-4-*-> J-l^lSj 
4^j (jy lcj /<UllJ 7r Vi i " (jr^ 1 (Jj? i^tt It I Jl>- j -lL u s x_La3 (3-<l£. L ^ J >" '"'J '•^-rp*- < - J X9* "^' *A$^" Cr^ 1 f ^"liitl 



( Uai. 
( I Laj» ) («^llj 9e-La-i-u (jr^ 1 (J J ' a *** ^ LSjJiJ-^ ubj-ifu I J^>- 4_lIL»JI AjjiJuJI kc.j-uu (uj 

( I Laa.) t«-ta2JI (jqf ^^'^ Jl ^ 1 Jj«".'"tl 4-lU.*] 4JL)Lia]l ^«^;,^",tl CjLiLwlII CjLjjLoj £sjjt_a <^j V (r 



t^jVl s j^yi 4. liJISIl J.^lt AJjJ^LJI CjLujJuJI J^Lw 
SsbVl Llj^j^uaall U0 

.*_LaL2Jl Ju>JI ?eJa-u| (Jj-a x_a Jj fllij ^jjlj £j\ a • ui\ »eJa-m| (Jj-a _a-<k Slj^il L)lj)j_> > a 1 -^ 2 1 , 1 - 

5s! jVl Lljj f_aJj L-iL^ul (^a U (Y 

(JjJLSj 1 (jouljJI <— ilj 1 u il Jj^ 1 uJ t » Virttl Jj^ 1 ill (J!us Lg-La <L)jlLail aL^-II fj-<J J-* S 1 _S^f 1 Lljj fo-<3 ujLj-uI 

.aUlAII 4->»-^ r ^ — <>° JL^jJ^I J^ u< (j^>o ' aUlAII *_« . <tl^-.-^VI 

.jJai]! SbV i±u^jl\ oLV^dl ^ La (T 

c_a}Lo*V1 c_^-i j^=i ^a ^kSJI oIjjT c»Ijj^-.« JL^it oLa^Lo-V 5Jiaf ^jl ( i 
/<JS 4- y WiSU Ajuj-a (jj^-i" JLuiJI jLa LjJ Ujjj sbVI c^ui<3 aJLjIs • 

i_3j_laJI liJ j ^—1 a j-l£. C^uIuJI 1. 1 1 iiLu t _,^— 1 1 1 -1 iTi 1 1 4- ^ a J>^ 6 ' J 
1 , J* : ~~ 1 ^"'^' <- ' 1 "Lb ' ■ *" Cjli **-Lll aia 1 ul •»• J J) j J J ^ 4-_9 O^ "' 

jij^^c 4- 

J^Jj-y iljLa ~U,„| Jl>.jj aIsIjJkJI 4- ^Lu^a (jSuljJI -sL*jI 4-2j>13 • 
^11 (jijIjJI LgJiL •■"_' 4_ujjJL>. cjlj^a-a Jl>-j3 ujLSiil 4- '(jSulj-II L^L^ 

jl 4 ojiVi i n a CjIj_4-4 jy^=X^-^ 1 ntL Jl>- jj jjj-all I 4-J 'i— ojill 7TjL>- 

/-""w pa IaJm ^_pijl^JI 4_l^ ^— > < il t jj 1 11 z ,, /i^-»" 4_ujjjJL». j I 4_tlse-La 

.*_La_2JI 4 ril-)ia £yi (j-<-aJI 7TJ>^- 
4-L^=JI (>iini^l f«-^>> ' ^"'^J LbJJmJ Lt-iTiil « La2JI JjJl»- JJl£. • 



luLxJISJb-jJI 



9 Y t-3j^>Jl 4Jjlj JJ-i jjfc La (0 
.(JJlaJLI *_LaJS 4jUr Jj<j*n" - 

? A- ^yiJUJI i_3jl>JI 5jjlj JJJ j-A La ("\ 
? d s ( _ r uL>JI (j^alkJIj 01 ^^^liJI AJjIj JJJ j-<k La (V 

S pSbVl ajjIj jjj 3A La (A 



S X SJLLUI 4jjlj jjj ^4 La (\ 

.ajjjll.1 ajlj^>JI (_*Jj_ijjJ 4r * J^LuJtl <jj>- V tt Vi 1 11 (j_a (JLSjj^I J^— i i"i Jjjrt"*-! ~ 



*-*UJi 




loL^ISJb-jJI 



SajJlu^^-iIi <Jail\ » i (<-i"t La^aj < ?h^- > ( \ \ 



jj^L-u-U Lt>-jjJL!Lu3 



1 AJjjljLflJI l AftjJjjLAjJjJ.1 I 



UJiU 'i—\^sl\ i { \ niLtlll (jjri-r'it (jlj^l <4- ift-a-ui"tl /«J <(_JLJ9 \ ill I JlUj-^jJ I <j-a ^ila. ^yx^s 



.sIjVI Lljj ^u-ujJLj jejisj ov 




■dlLa jLca jj^a SJal^i. joJJS^aj 4£a2>iJ La^^ail £ 

ISO 2 DIN 4972 L 25 q k 10 



.LJ.UJI iiuoljJLl *lj ^Jjj^ij ISO 2 d~ 

^iUVlijfiLLuaJIciLiLol^XI^Uija. ii^l J ll (> aAi ( a2j Jlji^ DIN 4972 

l_£j I r . 1 1 jaJL2J I (j I (J I ) ( i~i"t _L 
^a TO j_& ^Utliis cX*-* 3 P-&- 16 p ' 3^^" ,* o' <_r - ^> ' '""< -^-^ C[ 

I Jujlu^ji i*siil jji J\j^ K 10 



.£_L1 «bT2_ Uj^jJ t-^lkJll (>QjLuaAJIj^3Jl O0 

LJLc fda-i-u Sj^L-a LJLtll SjIj^kJI J-*J>o - ^ILc 4JLla - i^Lc- S-iM-i^ - 



.ajljj*il IfllgVi t-tJJp '- tint, »Urttl CjIjJ? L^ia xJu-aj ^^1 jljJLl J-^ail ( ^ "\ 
.alj (inll i Jljjj^=JI i(jjj_ajjl Jjpj ^-J^G t Ojlj" i u VI i xJaJl! I KJj-m < J La i ■ la jj ' : — i ( ■ 1 1 a 



iulillSJb-jJI 



( ( Iaji ) .«LLaj ^_^a a») I 4 mil L >1 - 1 J LyW-J"^ 31 ^ ' J LaJI (_ys » '-^ a Ji_jJl>- a I Jl^t" i nl Jj ^"-J ( I 

(l Vi-^ ) .ji^jj-^aJI (_yJLc c-tli^itl (J-tA-ifuTJ L^aljiieli-ul Ju£. Lt^a-Lalj-uuJI full? ("Tiii" C-iJ^>o (^-i 

( I Vr-t.) .*■ Vi i nt 7r Vi i n (_ya (JLajj zl J^— i i"i ^jri**." _ajfe (^^LsJI i_3j^>JI <Ujlj >L^-a Jl_w| ( J 



(jjii-r"! jIaLUI Ju»JI ajLa IL. <LJLc 2j^L-a >2>i lL^" mij (f 
AJi-iSJI SjiLa ig- ZLaVj i Ui*3 » Virttl i_£a2] 4_l3l^= iajLLa SiLJuil 4_JLc 7r Vim OJ_a*J 

JjjJLso £—. (_uL>JI i_3^>JI 4-ij'j a a J a j ' a *»■ " (< ! 

/ y' i) )J1 < 11 Li 'i II 4J &J j " A \Jt mi 3 1 *_a liJ l *— "»*W JM / LlLSj X-La-SJl 4 J a 'J i ■■ 

<_>ij1jJ1 *_a i <tl^-."^VI J-lLSj aJJlAII *-a idl^'OM , [A23 *Jai!l A-h^m 

i_3Jl^j * Viiitl Slj^/ ^JLc 4JLla jJ2jj lL^"i miJ (j 

■ «-k2JI CjjJls* ^| AiiAII aJiU 4- £-V=Ll!l JL>JI SjiLa Jiliu c j-o-uaJ LgjV 

.LJLc 4-L».LlJj AJjLjJj-^aJI « LaHJl CjIjjI jy^* ( E 

4J JlJlIII icj_uj *J3j (j^a jj^SLAJ 1-4-a a ^ Y * * a jjjlil SjIj^kJI <L>-J.} J'--*" LaJtJ£. LgJj^L-a Juiij L$j^? 

• <LJLc 4-LvLlJl (jo 1^1 J Lj^ » Vlrttl 4jlof L-O-LSjJ ,J2j I rtl'ltl 4JL9 Lilii^l LiU Jl^=J » Vliitl Jj a f LiU Jl^=J 

£m A , „VI -»■ 1-^ . .. I « (joulj '~''J ' "^~ l a -S_a^>-_9 

(J_aj*. 4^LalII x_La ^J j 0" 1 11 U (_pijlj.II jj i ii^-ij j-tg. i_3Jl^j (^rLfljjj^fl 7r Vi 1 uJ (_pijljJI CjIj i n^aua J^>-J 

.I^sjjxIa ^jLa^j (jr Ll ^Uj^...j .<» ilVI (j£L oAjClj\ ^Aa£- Jj^ i h"< lLUJl^=j alj^/lj 4-lt-iTaJI 



iuLillSJb-jJI 



« La 2 ! I ?-J>-" i—JL^aJL ) _ / ^— lj! j i uJI ' . J L<aJI fl^Jl Jl»-I (j-a « La-SJ) Jijju*. 4 ja i uj (£ 

^j^a ■ ^-» il mJI ' J LaJI £ys pa-iJ' I JlA ^j^-— < a i ■» la 2 II J>jJl>- » LiaJ a Jljt" ml, I ^i^ij^sj] < J LaJI ' 4_)jULa 

.*_La_2JI J-J>j-u < ■ il i^itLi ^ a i ii I JJj (jyic.1 CjLcj-ijij * V>7>\\ 

■ l^>JLua ^ oj V Jil\ CdJUl fcljjf J^=iKY- 

^_pij|jJI •- la i •■ i aJb - 
4-ajJiU i—oJj _ 

.oljjVl uibj jJaUJI j^JI Sj>L^ <*jJjH! SjIj^J! cru 5351*11 ^p,] (YY 

Jju^a ^a JS^ Ua jlaLSJI J^JI "0>L^ I aj La il. iLAgaJI Jlj^I c_>L£ Mc SjJjUl Sjlj^JI ,.,,,„" 

1 -1 g ^j^a j_yJLjjLl ^j^» * *JJ ^ I ^-— > I " 

.sbVl j-^uijAC YT 

.*JaJ9 4JU. IL. SljVI Ug->-£> duL^= cr^'j «b}U jlseji ejLcl (^^LiLwl (>U AjtSl^JI LtlajJI ljlal\ Ly Jb ebVI j_*£. 

.^tSJVI ^1^-,-j sbVl j-a^ cru o>UJI j-juil (Yi 

jj-aj f-Luis (j-o lilb 4-iltJ Laj jij*_<iJI SjLc! J^-i (j-a CjLoSjlII Cjjlj I pl^— ( JJSl 2b^/l j-*£. jL^= 1 pl^— ■ 

Sjjjj-tij sb^U (J^al^— ill i dJuJl <Lc.j_i_u lIUJl^sj ((JjlJLa jiJJlJ cJijJL^aj (j-a Oj^£.j J3^-' f-^ l£'' (jr^^l 

■ 7t— lUcTlII *LiJ p<* 4 ai^aj Liajl ciJLLffc Jl-l^=L1JL)J a JjJl>- ^j^>-I *'j-^" 

.*f>.bjyi J SbVl >a^ jru *3>L*J1 C>^' (Y ° 

(j-aj f-Luis (>a <-lUj> <Ui*j Laj Jirs-JJI SjiLcl J^.| £yi CjLiijlII dolj 1 ol^-> JJsl SbVl j-*£. (jL^=> 1 ol^-> 

.(^3^1 J I 4^.1 mil IL. Cj^Li-iiaJI (j-8 gill I (_)^a2J ^i) (jr »-LlJj 



iullllSJb-jJI 



t^jVi s j^yi 4. ^ijJi j.™u ^is^ji oLujjlU! jy*. 

■ » UMI ajjs jij-iu (j£. OJukJ ( ^ 

(2>£. 4^>Jl_Lll SaJillj r s ( _^a2i! (jJJti.1 4_ajLia ^Jutll AJjjjjJaJI eaJiJI 4li^-*.a ^^ t z Sjl^-itl fVirttl ejJS 

jjfc « La-SJ I SjJ9 jl jJLa JjJljso 4_ ^ ' "j\P^ (jtLabJI (j| -»• i alj .r 1 g]\f « LaJl?l al jL) 4 U Mitlj (jijljjl i dbsaHa. I 

^^^L^jlj ( CP .j^Stl t_gj"i i n a (Jj^a <bjlj jl jJLa JJlJso (j^-Ilj i_3j^>JI (_ya^- ^b »l .i^fl bljjj 4 It Mill SjLa faJ 

,<tl^U",^VI j| jJLa 4- OLhP LT^LII LrpW'-" "-^J-^'j L y*jU*}\ 




S« UStl ^jjs JljJ^*iJ 2jjj-iis ^^Jfc La (Y 

aJVI £sjjt_a dilJL^aj La » M^-ia jf 4_j,j_aJ 4jjj^,MI CjWI jLjjiJ J^-l <>a aJVI ej jS <_tb-a3. ~ 

.» Virttl *l_ul LjJ fj^j *"" 1 11 ^pJI (£aJill ,_La^ejj 4_j3b= 4JLlaj » La-SJI oljjl ^jo uaj _ 
.4_>J|_L!I CjljljJJjbVlj ,_£a2]l J-a-^Ii 4-i3b= 4^=La-t^j «Ja2JI Cj^T ^a-u-uaj - 

V s^Sj U^jji e4-.ru ^^23 jjl\ jjjJUI oLL^J (j^i-VL ( Fixtures) cjMljji obAa ^^wj - 

.*JaJlll ^jJS j_uG Cl > ] Lj£=jj»j-i 7r a ' 11" 

S » ta.Hl S^aJS CjLl) aJlc i_lbjj/t ij Jt> La (V 

1 ajjbta Cj^] f^C Ajsob CjljljJLbl Jl»-Ij3 ( alj^?b 1 aJj CjjJl>- Jla (_LaLa£. j-uL3 i.iimi £L)bj-LC. «-ta2JI SjJ9 

Tcjisj (_c Jv j I jJ .^-bisl x_blJ3 Jl>- (JJ^-MJ k^sji uiX\ Cj^\ i i"itl tt Vi 1 11L1 aJ^b-aJI iAbita JjlaLLa Ja«.|jj 



.(j^JLflJI jj-aj I nja *t-i2ll aj^3 (_ll i tot aJlJ-" i nil (jjJLSJI j^ajl (1 

^ U^a ^kUI SjS ^jU.o. ^ Kinziele J U13 
F c = b . h . k s 
(juUI ^jLi- Jliaf l^. jl 43M3)K S = k sU / h z = ( 3 - 5 o s 

/<wa^ = (_pijljJI (jiaj^lj /<JLa ^ = ( _pij|jj| i'Iiiiii LaJtlc (jr Cj_Lj| *_La_2JI SjJS (JJ -4> JS^ S J J 
.* Vintl (_3_jjJi (j-iaSo (J^oLsjO ^Jt Z 

Sioi^aJI oj^SJI 4_ AjalM l.gj, i n't f^Jb Laj 5» Urttl 2_jJ3 CjL^=jjJ ^Jt, La (0 

■iji^-iti j-k^Jl sjS <>a /iv J^uiuj (tangential component) u^Lai s^jil ^ F t 

.aJ^=ji gJaSJi sjS (> Xyv j^i.tMj ( radial component) ^kai! ^=>tl ^ F r 

.^i^itl gjasji sjS <>8 /I j^-i ,tMj ( axial component) ajj^i s^ji! <^F a 

SjJaSJI S^i ^ 2j3jJll J*l^*j| ^A La C\ 

■ 4-Lt.caJI ioLa £ Jj^jIIIj JjJjlJI <sl.}^?l Ljljj t» l-iiitl (j-a^- ' ^J J-ijJI <LCj-<-u tfVirttl ■ic.j-ui 

« UStl 2j*3 ^^JLz c_3j^>Jl 4Jjlj j_utj 7=-ii>J (V 

■» U /i II a\j£ , .. i. , ! , n i ■» U /i II 3^3 '~'l '^~~*j a J* : ~~ ■ ,_; a 2 " l_3^j>JI i-13'j Aj^ Lajiic 

.^laJaJI oj& < _ r ic * Urttl kcjuju jjjLj £J^>J (A 
4_tl^3J| » la 2 1 1 2^J3 l j J o | _j-^^* ' Lc_a » U. S 1 1 

4il^tl t t a SJ| SjS j£3 ^ULj ^1^-,-^VI J2j J^j^ f| Jl^J jJil 
■ » Uiitl S^S t;r ic (_^>^L>JI 4jj|jjjjG ^-^»J (^ * 



iuLtllSJb-jJI 



P c = F t . V/ 102. 60 [kw] o^L. P c t^' s jjS v—^ 

[ N] gJaSJi sjSJ Ll^uj.1 s_^=>U F t [m / min] ^kui i^j^ V 

.dllj <__!! (jJjjjJI Jj^rtl! ^ * Y (jyicj 4--1 i nt aJLlSJlJI JjjjslIJ i_3Jl$j "I * (jr^ 1 ** 1 '"^1 

e_<_>o ilV! Sjj_a (jLa ( L^-Lu «_i_j (^jJI i<tl^-.-^VI _i_j l__>flj_»4 *^Li>>«j 4- ^^' 2 J-^ <>* *>*■ fj-ri-^ ^t-uj 
U_= (Lbl) T| SjJlHI J>U"imiI J^Lta sLclj-<w uloaJ il^l 2jJ_a <jU. I jj . »UStl 2jj_3 <>aj(^->l uj^-»" £^ 

: ^ 
Pmotor=P C /r| [kw] 

. l_gjJl_L__> ^jTn-u-aj <U VI j-a-«J LtJJ * A JJ * ,V tj-u T| 4-a-iS jlTiivj 
.ilJjxja Jjt mi" 4jlor ,lu_i_ll <OVI JjJ->>J JlLcj CjWI jL»--»-I JlLc Ljjjj--_> Ll-JjJij»J j_lL*j 

: tki. jf cjljxaj c-->4 ( ^ Y 
(<_tlj___') .^ji^-itl » Viiitl SjJS CjIj^-ij-oj i^->i A-u-jLjJ,! 4 j^-ijJU j-tl«3 (^J 

( Uai) .ili-SJI *Lb^l J) 4jj^>ai 4^=jil (.,,,„ n (c_j 

( I Vi-^) .Jjiu,i"tl 4-JUi. JI3I3 aHjLj <J]__) »Virttl ijfi (r 

( LLaa.) « L2JI Sjju- ^-JLc -1-; « L2JI 4.T J 1 :"'-^ 1 p"'.' ( N 

(_pij|j * Viiia <L>-1 i n <ijj 4_Ll_0 / a tO LffcjJ_3 *_La_3 <Lc.j_i.aJ St j(J <__JL___JI (j-a < . m i^>q 4__>lj_>. jIjj V 
:<- 1 1 11 ~>-l. (<s_a / _UjL) jJL_= Y * * Mjjl 1 n" JV S J J (^y-ijiJI « La-aJI ajJ9 .(<s-aY ^gjl i uj *_L__3 Jj ^ j ,<s_a Y,£ m$j1 < nj 

. «J__UI SjJ_3 (e_s « La-Ill aj_5 (-J 

\A = T| SjJlUI J>Ul--l JaL-a La_L__. aJVI SjJ-3 (^ 

F = b . h . k s = A . K s 

A = b. h , b = d = 2 mm 

2.4 = 2 . h 

h =2.4/2= 1.2 mm 

K s = k sll /h n ,n = 0.26 

K s = 200 / 1.2 026 = 190.7 kp/ mm 2 

F = 2.4mm 2 . 190.7 kp / mm 2 = 457.7 kp 

P = F . V / 6120 = 457.7 . 45 / 6120 = 3.4 k 

P mo tor = P/il = 3.4/0.8 = 4.2kW 



lulfclSJb-jJI 



gLulLSJJLS^u 



jaj at (4i 



■i— caJI <ul <j.C 4a <i, ft I £-^J 
II £-J-"-"_aJ Jl t 4 ioi^ia 4_uJm_a SI"^-> IL. i_ajj]l jtldi .(jjLJLl J j t mi" IL. Ajj^il 3j-^' "^l i— c^ilJI j-il»j 
LfelLuLu ^j^— i ' V CjLlL^C ' ' . lSUJI (Ji>-I JlJ t-^-Ij-I * la^ til! Jl^=j t (4 i^j Jl)i . . 5".tl ,-^-l<-u jt 1 ((jijjitll I ) 

Ttuisj <(_£jj>.z! J j* iVill (3>taj 4JjULa <a_*la3 diL^ajjs- ixuajj^a^j (j ui'A] iJHa^-— i) c-JLul JLI-cj ( 1 

' . '1 2ftXI j-LaJS 1 kjuaj ;_gjl 1 njj « La-SJI (j-«-C -iJ^>>J *— sLSii-ll j-LaJ2 jLll>-I (jt ~ 
S>_caJI 4JT (jlc LaJuaZJ (j^flj ^1 4jW;,iV 1 t| CjLLwJI ^ La (* 

(1) OJJSJl i^ 3J ^ luAIL SbVl f ^ lLUJl^= (gJaSJl Sbl) ( 1 ) c_.L2fal JJ> ^ (V) O^l jJ! gJoiJl 

Jj sbVl jt 4U All ^ i%pj UJl^^ V^k^JI i^a* .(Y) ?UAtl4-Jlu.V L^=j^j^i 

.i_jL2i<i,l j LaJ3 1 tu^aj (_gjl 1 n" (jyjfcj (_iLS!<i,l jLll>-I LkJJtjso 




.l.,7h\\ 4_JLui :0 .0) J^aAJI 



iullllSJb-jJI 









.^jji^JI ^LSiUI c 




« LaUl JL>. .^ 

jUst i .0 



HIT 

I 



» 



jLJU 



< -1 rt" 1 1 ^j of .A 



.^j^JL^JI ^LSiUI : (r . 0) J^-,,t,tl 



IjZsiJJU^l 



.i_3jJiJI IL. c-lLfllll Ct-LiTiJ <Hq j" ^^JjjJbJ,! ^Li-oil ~ 

ujLaiUI i_alj^>jl *_La -J" -i j a (J-JjJI ~ 

slj^l Ljljj l(j ' a (jri** i Slj^U 4 lil'iAca ?r U , n| j-Jajj 4"p(ja £}i-djduVI ~ 

.4 U ("ill jjJjLa » la 2 ' a LlSJ I I j" 1 j a x-LaJUl J>jJl>- ~ 



2uuLill3Jb->ll 4w > ^ j*a*U! 

i<_jjJj-Lll x^uj<jj 4jlpr J^>-jj liLi. ( ^ * 

.j^yicl jLtil 4J9J>j 7t Vi i n <LajJ(-> (jr^ 1 (Jj? ' ^ **■ It ~ 

.i*jjijll i_)jjj!l]| CjLalj.TeTu.ul (_>ii*J J-^=Jl ^ 

4-je-L r e.L o oj *—- >j-a (jjrt** i - 

AjtlaJij I •»■ U» . .< ^j" i n 1, t_Jo-La jl <i i na (_>"lj ul3e ~~ 

.jLLaJS^/l A^Jjita I J <i f \ ( . lJl£=dj2 ~ 

l<_jjJj!lJI fCJJUJ j-i£. I^fljii"^" ij*— i <1J (_pJI 2-ij^>iJI dlUj" i ii a (jr ifc La (. 

.lib 1 (j"i j"j jLtjl 4J9J>j j«JLa * , * * ) «_Lj tt V-i i .it <LajjLLt (Jjj-ajJI (j-a (j^~i o 1 uJoJiiLtl (<ujl-U CjLI of (j! 

S^IjJkJI j^C U^ljJl UjlII gjjjt J^= J^AIS Q^-. «j V I JUt (^ 

: (jy jk < . lii'tl 4JT CjlJa^=La 
4j JJilil (_>ujj3 ^J^-^ 3 ~ *j\*\ A?-* 3 ^ 1 ~ «j' j y A 4- **^ o-^jLH Jjj^-"-' 3 ~ 

Sji>iia - J^ajjb _ (,i(iMI alj^/ >-kaJ> a ~ 

(^yjLij^^s j_jlsLa - JjjJjjJIj j£>-il!l icjj^3=ja - 

.4_a jJI t_iL2la .J>>.j Jk. ( ^ ° 

.(jjjJIj /<sjxj>JI «j_lj^3 Cj^LLJaJI ^_ ujajjitll J j ii m /<uj t _,^— 1 t 



iullllSJb-jJI 



rLiJ^M icj_u, 

Si-J&Il 4-?jf a I Jlielml ^ja JjMU^-iU SjuLaJl ^ La (^V 

.4jjl JlujjI 4j9J>J ' ■ ***'* I d a 1 S"i , , , I 

1 Y ♦ <> Jufu 4-ajLa-a ^jjo i_JLa 4- f^ 9 ^ ^ OJ"^ S^ ^VjrtO Juc ilVl aj j2 (_)Lui>- i_i_aiLa-a ( ^ ^ 

*,YY (^^ AjJtilJI kcjujj .«■ Uiitl X^j-ljj i_cLnaJI (j-a *^LaJI LfcJu*. ^LaJS al.il a|jl^1o<Ij ^-a / <jJaaJ 
J-aL»-aj 4JLj3.i / sjj.il * * * Sjl-iVI ^aX. ic.j_.-u i 111 = i—iLaiil <oJi ^Ji'j ' 2 JJJ / (*Ls 

F = (fxD/2).k s in[kp] 

= ( 0.22 . 12 / 2) . K s 

K s = 1.25 (K s turning) 
J^s turning = k s \ _ i / n 

h = (f/2)sino 

h = (0.22/2).sinll6 

h= 0.11 .0.8988 = 0.1 

k st urn 1 ng=1750/0.1° 17 

= 123.6 [kp] 

k S Driiiing = 1-25 . 123.6 = 154.5 [kp / mm 2 ] 

F = (0.22 . 6) 1545 = 2039.33 [kp] 

P c = (f . D 2 / 8) k s . (n / 97400) in [kW] 

= (0.22 . 144 / 8) 154.5 ( 1000 / 97400) 

= 3.96x154.5x0.01 = 6.3 kW 

Pmotor=P C /Tl m [kW] 

= 6.3/0.9 = 7 kW 



iullllSJb-jJI 



£LulL£ul£u 



/ Sjj^ ) ♦ ♦ = Sjl-sVI Jj-ax. (jljjJ <£.jj-u - 



.^a TO = ujjikJtl j&Lill c_uali]| Jala - 

/avs = 3„U. ("itl Juu La Ol.i uua "~ m = 4,U, i"itl (JoS La Sil, i mi "~ 

jJllo I (j^iL>o 4.U.uJI » jLa - ) Y * = G «_)La!<II 4_ui ^_j'j ~ 



t c = L / n x f 

L = l x +l b + lwp + la 

l x ={(D/2).tano/2} 
= {(16 / 2) . tan 120 12) = (8 .1.732) = 13.85 mm 
L = 13.85 + 5 + 35 + 5 = 58.85 mm 
L = 58.85 / 1500 x 0.4 = 58.85 / 600 = 0.1 min 



luLxJISJb-jJI 



aj-23 (T) Slj^M La-Lu (Y) aji^jI jJI « t-atl ^^-.j^ IlloZLi ) XiLcoJI Lg-^a aj-Sj Jj*"i" aJL^c ljr a> 

SJIjj OJ^S (0) JJl^J £-L2 J^Ul ^j'4-Xi) S>*luJ,l U^luiXI Ajjliill i^=J^ IllATu 







vy- 



s -Ah _ 



a I *■ Vi ma t ^IjVi i nl < j^yl^-lj < ( _ r >-jL>. )4ljt i"i~ i—ij \ln\\ 7t Vi i nit L*_u LiUjj uLajLitil flj-il JJlajj 
rLliJ ) aJLLioJI (j-a 4 «j I La 1 , 1 jl Jl£.^/I i (/wej>JI 5jjj^= a! 4 La i ujj a aI <uLJ9.i) Cj^Lt-JJI (a-5=-»- i (^^jjjJta 



^1- 



.ilajUeJll (j-a idllita ftaJt i,iM> >^=il (* 
£v[aJI _ 4_l»-j-l!I ~ AjJJlJI lLaj_JeJ,l - 

^J^j^a aJtA£.l iLaj^jta 






LaJtJ£. Ll^JI iLjJtil a JlJt" i n" (^ 

olUaJ fjjzi^ ^ijji iia^iai (^ 

j» jl^i^ Ai^LUI iUj^ai ( E 



JLL>Jtl oLio^a j^MO 

4_)Jl*IuI ^jjj^j3 

« *"•*_' -(J^JJ' v'j-^-J *S!>*-^ tiJj^ejJ i_£jLsta j_i3jj ( 4 lillAaJll aJVI *lj-»-l J-4^- (j^ l _yij-n}\ M^° 

.CjljljJLffc^LJ 4-^3 1 IrVial (j ) n-stj 4"^— >L-I-U Ajj(j I nl (_^jLajJI J_4>j_JI JlJJlJ»JI (j-a (jllj-fljl 






.4jj^ = j_a}UI aIsIjJkJI JtJ£.j 4_J^iaJ| ^LIjJkJI Jlc LTJ-^JJ tl^h 1 C ^-"^' <*_JL>. 4r ^JLifoJI Ct-LuJ 

J If <_JI_al!l -ij-a^l 4-ta.mljJ tl!j^>oj S^itjUtl aIsIjJkJI aJL»- IL. J^>il ->j)^f j-t£- <4>»-J' <-^> > ^ 

■ 4-^-Lali.u.a 4^=j^>J 4_u|jjjJ| 4^=j^>J| 
S(jaijji]| (_£jL*-a £- Lkj^jJ i«lti_i ^jJI (^^qjI i^i-^tl j^^ La ( ' * 

iL^ *L\j± p& (*> 

{J*£p& (IV 

■OMLUI 4- ^U.,.Vl Cj^Ulil £JjM J^= £-LiS <>a (j^-.Q-U - 



Lajiic i La *'* i_3j_LaJI a Jiir" i nj (i 



j '-"■<* - » '-"■ g 1 1 1 £ ^-1 1 J ) i g *-»^3 <ya ;' v° j I * '"' ' j C>-UJ - «_« I * * "^ 4 It ("ill (J_al3 " 



■ 4JjL» C lo jul£. Cj^LsLIu Cc p j - /<ua ^ * * - > 4 U i"itl (J_al3 ~ fi-a \ Y > 4 U t"itl yLa.a ~ 

2^2] 4jj_La_UI 4j^-tjJ,l j-uG Ccjvj rj^>il (_J_9-LaJI Cilj aJLLjJI *l_L>jl *_U (jLjJ9l_L>JI AjLsr'prn 



jlj o"i nLi L^jJl^. j-tc 4 It ("it I ijljj-i (jl <i t^aJ LiUjj (yCu^'i (j\j o^l 4 Mill o - uH j jtlc aj. 

.i_3j_La]l 4- *",)"' U AjJJJI Jjj9 (Jj9 
Si-u^LD! Slalj^Jl ;»}t£f JJl£. jjfc ^3 ( ^ V 

S^LLaljiJI 2- J^tl p^jJI oLi^ua ^ La (^ 

LiUJIj Ofjfilll (j-aj + jl JjlL-u^I (j-aj + ttUhiVI <_L4=l! *_LaJi]| (j^aj = ( _,l^ 1 -itl <>ajJI 
*_jLiiaJI <>ajJI + >>La>U dlillj Cm mil <>aj + 4JLL.Hl 
■ Jjiu,i"tl oLila-g, (J^=lI (j^JLaJI I jui> AjLsr'mij 
3 ,_£jj>.VI (jLaj^/l Lai Lul ui> « LaJllI (j-aj (jr^ 1 Jj'-"- M 1 ta SJa J^ 1 — qj 
■ * ii^-ia J^— lJ 4-uaL>. i^ajljj-is (jr^ 1 L*^; 



• (_yj-i La j I j t" i ii 2) (]_>-«3 J a i*ii ; 

OajjJI CjIjJIj * Viiitl CjIj^I j JM$~*~ ~ Jjt i"i"itl Cjljlai*. as-I^JS "~ <L«j_ujJI 2*1^2 ~ 

<iU Mill j_l^j>J - aJVI q^al& - (jj/ LlSJIj 



t c = L / n x f minutes 

4jJl*j]| ^£-j-uj I 4rtj^jJLi « LaJllI (j-aj t c 

(j_oJLUL) _L i. i ui>J .4jJJtl!l kcj i uJ alj^l I j^— j — "" ^pJI £aL_uil ^^ _L 

i_*Jjj»jJI <LaL_u^a + » Viiitl (J^a tiJjj»l]l <LaL^a+ 4j1sIjj>. /<uj i^JlII 7r La i ntl (Jjla = -L 

L = l b +l W p+la 

^jJjKVrtljnXVrtb ^Stl La (^ 

JjJljso ,Jiu3 » LaJll I A-JL^c J j ii a <JjJ9 /<uj <jP-J' (JLaX.^1 <J^= ^^j\j ;^—",tl j , ,^-»",tL ju^jjjj 

dl l .1 »g J ... I i .." JljJlJ>o l Z\'. ,~.M i- , i uj iSj^Ls JlJJlJSO < Ala Jjjtil JlJJlJSO 1 4_J J^/l a 1",^-, t l 

.jrtijyi Srti^~ jjj^j L>e-fj ^i^iti jjicViti o-^jj ^usti 

fda-mafl <La^»j ( aUlAI! ^injljjl J^— ,*:,tl jLtji J J-u-aLflJ £3jjJ, <LuLi« «*ljJ9 4 amjJI s*ljJS 
x_a *-<^>o (^oJI dljjvbfl CjLo^Ijjj J^-i jJlj jLu^l CjLjjLoj J}L>. <j-a AJolLaJU JiLlj^I 4j3J>j 

.J>j-«-C.J J^i^ta JlLa (jJajLjJI 1 (j i h, t J 

(L^Jt-La^v j I ^IseJLa ji <JjLa ?r Vim < 5JL>-lj t4j^-^lj i i^jjla) 4jjIUU aIsIjJkJI 4_i£._aJ J»JJ^>>J 



iullllSJb-jJI 



.(<U.iLc j| Z\^*~ j| aJLjJ9.} Cj^Lsufu <LLaj^ta) 4 U ifuJI q njjlJLaj (<UJ=-»- • 

( OINO 4-JT jl £x>-JJ iLjJta jl 4_^L>. j| 4_a|_c iLjJta) ' -)J I La 1 , 1 JJu«JI • 

jl AjujI jl Jl»-Ij a JlC i d i nLa CjI j ilajjjeja ) J t t"~\ (j\ (_c jv j (j^JI *_iisljJU JJlC • 

(4_o-^j 4Jaj^ta 

■t> jinLUI JjUtlj jU^tl jLll>-I j-t£. JilLUI J J"' sLclj-sj ^J^' al",^— tl ^^j^jjLla JlJJ^>J 

.«_La2JI <_L>.lj_a (j^a <LL».j_a J^— 1 1 C^jjIuJI iJL^la JjJljso 

« LaJiJI i_3j)j_Lbj 4 U Mill <jJut-« pjj i. i i n-v. .i^xllj (J-Ij-ll JjJljso 

I JL^= Trl-wiitl /SJ I Jl^= J_aLlJLlJ I Jl^= » Urttl Jj-S^J I Jl^= ttV-dhII ) ilalj^JJI J^JLuJ JjJ^J 

J^-— ? *-LaJi]| Jjgf J>JJ^>>J £-« ' 4-l^.JI iLjJeJLl i!L>» IL. olaJI j ■■ **' 3 j"'^~-' j' jl->^-- ji 

■ S^Iaa. J^=3-! » UMI Sl_aT JljJljo 

■ ajU-^ (J^=lI (sjl jVI -ia-<l£. o'jj- 5 ^J-*-" yl "!■>■) «- Vlrillj 4jJl*1!I CjLc.j_i-u J>JJ^>>J 
(J^l t" i nl 4 j i uj Sl_£.lj_a «_a ilsjjjtil SjJlS JjJljso Lg-Laj LJ r-lTcvj « LaJ3 ajJ9 j_l^=I i_il i n~>- 

.SjJl2JI 

a alas. J^a] » la 2 1 1 (j-«j < >1 i n"^ ~ 

.4«UrtH (jl^tl ^Lt^l (>aj C-lL-aa- - 

■ SltAtl ^li)f 4"jl^-,tl 3rtl^-i"tl JjJ^J - 

Si^UI ila>JLI jLu^l o-cu,? ^ U (*? 

: ( _4 4-Laj_jfcJU jl_LL > -l (Jjijj/i 

(4_J| jl <L>-1 ( uj iLsjjjta ji S^ij-s-Ij < 4_iJ^La <LLajjjeja) (^jj-ujiijjl J^— ifall • 

.(^J-iLc jl ii-UJJ jl 4JLl2.} Cj^Liulu iisj^ta) 4 It i"itl (jjjjjLLoj (<UJ=-»- • 

( C/NO 4_JT j| 4_t>.j_i Zlaj^eja j] 4j^>L>. a| ilaLc ilsj^eja) i _)j I La 1 , 1 JJu«JI • 

jl Aj«Jjl J! Jt>-lj 2 JlC i *l i nLa CjI j ilajjjeja ) J t t"~\ (j\ (_c jv j (j^JI XJ-isljJll JJlC • 

(4_o^j 4Jaj^ta 



iullllSJb-jJI 



£LulL£ul£u 







7" 



3*®©- 



W^fiT 



-E 



-£■ 




SiLsjitil ^^ic 4-lLoJI IuAJij J^ls ^j-A La ('* 

.4 jlintl 4jjlj jl JuLa I LuaJb LlUJI 4amlj.II ilLal «-2jjia 

/ i^aJ sJu\ /] ' *~"» '"■" j I p 1^ 4_5j \J^ ■ 

■ 4 J I ( ntl 4jjlj ' ^.^.'l 1 j J<~ JJlJSO (_jJ-!lj 4 J I ( ntl aj La I " a iJL^Is 

.i_3jJaJI <ujj J^ 36 - (j-* 1 '^tH't 1 d^ 1 -^' vlj-^ - *^i ^ij-^ 4 -^d>^ 3 

.4jJLu lUrtTtt LiiaJI ^U^iljJI 2-ILaJ iSj^la r>^' ( 

.dajjjjtil Ajjlj ' a i^>\ (_£jLujJ ^j'j-J 4 ai "IjJI <ULal 
.Aj^JlJ AjJlslL) * Vlritl J^Lfl-ij .Sjlj^fl Jj-a-C (j'jj-^ ic.J-J-u ' Vl J ' ^ -f Vlritl (Jji£. i t-i j i i^i 



iullllSJb-jJI 



£LulL£ul£u 



:aJW\ 4,1,,, It LkJI Uuj\j1\ <JU| Ajjlj.-,,,,^! (YV 



? — 

II 


-a *- 


030 


--^^^J^— 


__[ 



Tan a = D - d / 2 L 

= 37 - 30 / 2 x 40 = 7 / 80 = 0.0875 
a =5° 

° ° Lfrbjtj j Yo- L^ e^J! aAcJI iL!^ 4^HI ^IjJLlI LJj ^|j| ;&La* s ,„,^l OH 
AC = 250 . sin 5° = 250 .0.0871 = 21.775 mm 



iLjjeJtl (jlr "t"^ iLIji*. 5_u^3jj f«-"jl (YY 




<_JjUI iLljj>- 4\±^—ij3 

(W V = 4,U,Mitl ^laJS - ajs£ = » UMI (3-*^- ~ 

SjjJ / «la *,i = 4jJJl1]I 4x.j_.ji ~ 4JLJaj / a YO = *Ja_aJ| 4x.j-_u - 



iulillSJb-jJI 



F = b . h . k s = d .f. K s 

b = d = 2 mm , h = f = 0.4 mm 

K s = k s . L1 /h n ,n = 0.25 , k x . L1 = 1160N/mm 2 

K s =1160/0.4 025 = 1458.6 N/ mm 2 

F = 2mm . 0.4mm . 1458.6 N / mm 2 = 1 166.9 N 

P = F . V / 6120 = 1 166.9 . 25 / 6120 = 4.76 kW 

Pmotor = P / ri = 4.76 / 0.8 = 5.95 kW 



luLxJISJb-jJI 



jjjjiil iJU. 4. <u^ l j^Uiaj (Prepherial milling ) Cf laa*Jll j^lh^' ^^ 4- ^ uiJI ^U,..t Ljl^a 
■O-smi Jjt,v,t jj^iiJI ii^ j^jj ( ^ ,v) J^uiJI .( Face milling) ^^ly ! 



Jljl ^ 




jj^l £|jj| 



^iUll ji>Jl 



Sjj^illl f-I^J? ^yA La (Y 



= C_J!_aJ- 



^j^jJui] CjLaljli^l ^ La <r 

icjjla (_£jL^a - 4jj" 1 n a ?r t-i , a] ~ 

a -»• La 1 u| _ (_Jlj2JLI <LlL>-I J lJjjjLso ~ 



iullllSJb-jJI 



£LulL£ul£u 



:LaJu£. LaLtll jj^ijJI aJTaJJsI^uJ (f 
<*sz->*l \ ""j 'j^~~* 4 It i"i /tjjj - »j '.'^~~* -^ ' ^- '-' 4 '* '"' 75-"-* - O^i t ("ill p _a-£3 ~ 

AjJlsljJIj * Viritl CjLcj_i-u jj^a jull^s (JL*ja - «_La_2JI CjLcj_i-u ^j^a jull^s (JL*ja - 

: *\ J*3r~ i nU 4_uJulXI i Jl^a-2jl j aa. /«jj (z^ 

j-jj-alll ~ (. < rt*i 1 1 _ j mi ill - i La '~.^-^ \\ - 



2 Ju»-lj 4 It JiJ *_LaJi]l -SJ^*JJ LaJtl£. - Cj^LsLIlJI jj^a juu^s JJlC TtLjJJ i—J Vi J ~ 

$jj>fllll 5_IT Cjljj^-ia <_,_& La (0 

sj.^UI - ^j-cJI - S^=>" " J^-. ir !l - 

Sjlj^f I ->a-a^i (jj/j^j 



Sjj^all! (j\£=>\£^ju> pa-2 <_jLajjii ^^Jk La \\ 
lj. jj^fllll Cj La I JiitLi_u I JJuu (. i j i o-l LiUjj jjj_fljjl Cf^= L^=u-u ^j^a sJljJlC ?-lj-ll J^-JJ 

<L^>-ljJI (jyic A! lt->J->.tl (jyLl i^jJti (Jjfc L$Jl_U-u| *_lisji, - 

o>LLiJ! 



iullllSJb-jJI 



*U ^"^ J '* La J 2 jJL^aJI (jjLtil j : J j >-a3 JlI£. j-<j^= _o^a (jLL-u^l jju«J - 
4_uj3±». jl t 4-L b e-La j| i 4-a-La l cu.a Lai ^h L yuj\jl\ i$j\^xji J ^-i uJ ~ 



:tk>.j|<_j| > ^jc_o.|(V 

( LLai. ) .'ejuLi^=i 4-L3*LuLi jLlaj LaLtll jj^il!l 4_!T - 

( Uaa. ) ^"b 2 ^' s -j 2 jj x ^ 2 ^' s . Ji^"' 1 ;i ^-' |i; '" J o^i: ~ 



f t = f z . z . n 

(jiaj^tlll *_a ^LIjJkJI IL. "J^-— N (3^1 in I a ^— (. < i u ->" ^jJ-Ilj ajlj^M Jjaf u'jJ J ^J-" (jr* ^ 

«Ja2JI al^Ll JjJu»JI ^Jl£. jJ*-Tj-l,lCli ji 4 'u£=a uA\ (jllnil JJl£. Z 

(Jjlji^JI (j-a J^Jj) . jL»-l_aJI (j-"AJ 4j^_u-l!L) 4jJl»1!I icj_uj I z 

^a JL jjj-alll A-lT SjuJala AjJlju jg.j_m ft 

5 4, U, cull (jjuus <J^Ll3J JjJJulJI ijlju-u 4j3>Lc 7e-LOJ (*\ 
.Sjllkil ijjJuJI icj^u oJLa iliAII (jjuua 4j>L^ Col jjl LaJL4= 

5jujgll (jJnII LajULaj «■ UStl icjjji 4J9^Lc. ^^jfc La ( ^ ♦ 
. (_Lai «-ta£ ic.j_u jLlio Jufui! (jJL»JLl ilajLla Cjjlj I i^^-— 






■ > t-lrttl *Jj-" 
aljiielml ,j^-"r LJLfcJI ajlj^>JI CjU*jJ> '£- LjJ N>t L^aJ 4jJl-U^=JI « LaJllI JijJl*. JoLaTiOf ^tjjj 

■j <^~>l <U jjuj *Ja^ CjLc.j_<-u 

.jj^allt ^_ » La-oJI (jjsj V' '""** *'J*J' i ~"' T^-^J ( ^ ^ 

( _ ;r ic. Ajjuilll 4-g.j i uJ (sjuiaiil) Slj^l I 3^=3 j— "" ^jjJI iaLcuIl 4q (ri^j-^1 « LaJllI (j^aj i_ll ui> /«JJ 

(J^la x_a 4 It Mill «_a (jjj^a^llll ,JjJ9 La 4-£ll . u a «_«^. j_t£. aIsIjJkJI £_ I a ^~- (-*Jjj»jJI <LaL^a JJljso 
.*_LaJiJI 4 2 la * a ^j-a ^ * ^^— » ■ aj| 7T_Jj->- (j a ' "•*■" <_jJ-J' 4^1 mil j 4 It ("ill 

[mm] L = l b +l wp +l a 
SlLsljjJLi iijLla jj^iiJI 'A-fUTiW Sj2 uL> 4- 1 *"- L"^ 1 j^M^^' L*a LaOV 

^_ i l-S<a I ^ . ^-» « 4^3j 1 i ii aj ^jj_ajj| A_ » la 2 1 1 Jij Jl>- JJlxj ~ ^ujl^JI i M qi » CjLu aA£. ~ 

■ Cy tax>Jll Ji>A^I ^l_aJ? er* La ( \i 

<_LL-u2 j-jj-alJI 

S^t-n-frJll jj^ilJI fljJI <>* faJ (J^= <U jbxJ La ^oj 

(Jjia 4_i si.} 2 1 j-a-C (j^—itj La^lLJ La- Vi i n ^ Vitjj 4 i mi->1I 7r Vi i ii 2 1 Jjt i"i" (j^a (j^~» <1J (^ylc 2 J_jj_ojJI 

■ 4U.t.tl j-a ,/tl^-,^VI j; ^t 
*JaJ9 CjLcj-i^j » Urttl (j^-»«ij I JJj illl^-Ti^l aJGs c-lj-cuJ JjftJaJI sl-i^l j-«ju jLla-J JjL-uV jj^ilJI 



iullllSJb-jJI 



z ie = z. (p s / 360 
Coscp s =l-2d/D 

aJaJiJ'l 4- i^=jLAll (jLjj-u^ JJLC Zj e 

4-Li^=Lia]Ll « L2]| J>jju>- JJlC Z 

£_k2jM ^jS 4Jjlj (p s 



H m = (114.6/(p s ).f z .(d/D) 

£_k2jM ^jS 4Jjlj (p s 

<j-"»U 4j^_u-l!L) 4jJl*1II ic.j.u l z 

Cj^j-t-iTu-iyll /«^llj reJa^u J^JJ I JJj CjljljJJjbVI 4.1 (Jjjj 
jlj^Im 4- aj-tjj=3 7r U , .it jjj-flj ^j^a ^jjjuqj ajjj^^ jUaj2l CjI^ j-jj-a3 (j-"jjj 'L' J-^J^ 

.Jls-Ij 

SJt miU ?r l-i i lit) jjj*-oj jjj-alLtl 4 h^—i i ii Ji^st-a J^" 3 -* L^^-y '-^ ^ 

■ aJU i"itlj tJ-\^— i i nJI (j"V aI Jtiaj-a zl 2jJ2 (JjJLSjJ 



u = 0.05.d 
d=1.33.b D=1.66.b 

<Ps =92" 91 

cos cpi = 2 Bi/D 

cos (p 2 =2 B 2 /D 
z ie =z . (p s /360° 



£» < ^— » i ..t l . t-a a_& JJ 

S ( _ y 4»-ljJI ^j^iliJI 2— (jiijIjJLI ■ u , „j~ 1 1 i_d_9_<_uJ1 jljJl>o *jj ' ^j*^~ i (VY 
h m = (57.3 / (p s ) . f z . sin % ( cos (pi - cos (p 2 ) 

9s =Cp2"Cpl 

cos (pi = 2 Bi/D 



cos (p 2 = 2 B 2 /D 
z ie =z. (p s /360° 

i j I JuLa-i «j0 / (jJ5;jJ *l * * oSjui <LajlJLa (_£JJI (_^laJI i_J uaJI (jjs 4jiIaJ9 f-LdJjl j_>^>LSJl i 'j Ua * (YY 
. *s\a VO LfcjlaJ9j (jj-u ) Y Lgjliu/I JJlC i Jlu^sJI ^ l^ti*! JijJljw 4 h^—i i » aIjlJcjj-uLj xjla 

.Aji ) * LjJ^laj aLo lO 4.U.uJI (j^sj-C 
jj^aj i_jL*l>. i s \]'\^-ij \V0 ejjutll JMjuj-uI J^obta LsJuc. ^yjLj^^aJI J>L»U1 SjJuS JyJu>o t-ijit-ia 
.xjO A *Jjj (JjJufiiJU Ttlaj^iJ! Jlsljj (JjJ9 ciJjjtlJI 4-fll i n a jjl (j^ljHab » u£t| 
: J»JJ^>>J Jjl J^>JI jj-a J^-— aj < Q *-laJi]l jJ-^^-J AJLiAII a jLa i al J^M a jLs < jjj-alll pop A^jjlaj 
.(j-<-u / /oJLa * ,) = (jJ^jj / AjJlsljJI ) S z 
.UAs / f YO = (gJaSJI icj^) V 
*,Y1 = Z (<ua / <j3fcH ^V = JV S J J 



= F total .V/ 102. 60 [kW] 



= 1-2x4/75 
= 1-8/75 
= 75-8/75 
= 67/75 
= 0.89 

cp s = 27° 40' = 27.66° 



" total ^c • ^ie 

z ie = z. (p s /360° 
Cos cp s = 1 - 2 d / D 






z ie = (12. 27.66)/ 360 = 0.922 

F c = b . h m . k s 

h m = (1 14.6 / 27.66) . 0.1. (4 / 75) = 0.022 mm 

k s =ks.l.l/h z = 1990 /0.022 026 = 536.2 kp . mm 2 
F c = 45. 0.022. 536.2 = 530.9 kp 

F total = 530.9. 0.922 = 489.5 kp 

P c = 489.5.25/6120= 1.9 kW 

l z . z . n = if sj i^iiolt Sjjl*i!I icj_ui 
n=1000.V/3.14.D 

= 1000.25/3.14.75 = 106.2 rpm 
f t = 0.1 . 12 . 106.2 = 127.44 mm /min 

i2^j«Aoo =UV,i£ / \yr = UV.ii / (A + A+ 1>0) = 



. ^j i ii trill jL^>- ' .'J'^J-' 7 e - t ^ 5 J (Yi 

• SjJJ ^j-a *j->- JjjL^tll (jr-iiiaj j_ojL>.j 4jjI.}2 flji «L) J i^i'a i_ i ii" a ( _>*3 j >J9 (j-« pj i nrt'itl jL^>- t_^=pJ 



.AjjjtSHJ! jL^>- (J-4£- AjjJaj r'j-^ul (Yo 
JLaj£* 4. tLiJtl (>T) ilJuiil jjaj ^UL .ii«l^= s jl^Ij Sjjj (Y) jj^JI t^lc 4iAll (V) ill**] I 

- M~ ^ 0) t_1^2j J-5ljJ Oli (_ksIj^I J^JJ . L ys,j2i\ (_^ SJl^IjIII A^Jlitil uj_a2lll jjljjj (Aj 



luLxJISJb-jJI 



- iv- tr- t\- x\- rv)j(rr- n- y<\- rv- yy- y^)j(y*- n- u- w 

t (4_JL ^jJI plj-flJI J I (j-i-u plj-S ,jj« isL-Jtl (_£jL_uj) 4JLaL^= ajjj (JJS «.jj>- SiiAJI ejl jV (jjj .( £ 1 \ 

A^L-il/O i U j i h /<uj .(a-IjIViU (jl_u-u^l) CjLc.lj.iiII JJlC ( _ ;r lc. £ * 4<i mSjg£ O^' ' l - luk - ijLj> -- 1 J' S'?*J 

(_^£>jJij| ■» U»STl jlj ^— »" «j I j , ...-n 4J3l i ii <i 1 1 (^^ojjijl 3jI j'j ' a a j" (*^-> («J 4jVI (J » i*iMj (_^3j_2jl tj'j_J-i 

(jUio <CU^o ( \ Y) SjbVI Jl^L^ .ikmntl jj^-."itl gJa2Jl JlIc: jLajL^lmj ( ^ • ) £-^=>Vlj ( W ) 




I jl^>- <t*t nJtj ( flj^-i ->Jj» .(jj-u Yi 4JLujjI JJlC <JJlC <_>ujJ rl^J| <— ijlUa (Y*l 

Y (Y/Y) = Y£ / £• 



S<il*£. oj^—>'<>i Lr Jt Laj S.^^JLisLfll!! ^j<.iii"ll jL^v aj Virnj liU (YV 



jU^" 0°l>^ 4- bj" 5 £>* O^J" (jr^ J>«-^>JI (j ^TlJ V IaJJLc j», 

■t—lj I Vi t, I ajjJ-!l *j-»- (Jj- 



iullllSJb-jJI 



: (jjalill Jir-iiilt JjjJiiil! oLjjjllJ! J^iv 

. j^lLsEaJI ix*Jfe| 7=-^ J ( ^ 

^j ^—i o t, I a Jl-l>-jJI <LLu-ujJI jjfe jt-JLjEjJI 1 tjajf .Cl^ Lcoil Sjjj^— i jL»-)l iJS.} (ji""*" 

.^lL*lII ^jlqf l_3jX. (Y 

£ (/«-« * , * Y ~ * , * * Y) I Jj>- j -lL l o x_La3 Jj-aX. l(jj'^ aJlJt" i u-j Jjt ("i*i 4 jl of (J Jt tt V> i n VI jc_tL>iJ 

L$J aj-Sj ( «jjj \ /<JLa * , \ Y _ * , * Y ) 4jjlaj 4j juij <Lc.j_<-uj ( 2 1 J2 I L^j aj-Sj ) 4_l!Lc « LaJ3 <Lc.j_<-u 

~t-,..VI tc-iLvj IL. .4_JLc jLiji 4J9.} ^jrt-r'tj aJLc jtLajji 4la^*j ( _ ;r lc. Jj.^^-tl ^1 q ,>.t ( aJUlAJI 

4 OJrV*( i n a 4^=j_»- 4 It ("it I tiJjJ^jJJ * Vlritl <L^=j_». J ii nt <4»-JLl ^-J-*-"^ 7 ^ — il j e li -II J^*->- JjJ>J ' 4jj"i mil 

4jjjj »MI 4jjJuJI <L^=j_». JlOjJ 4_jlLaJ 



: (jr 4i 7 r — l U c T l! I (j-a 3 JtC f-lj-il J^-JJ 

aIsIjJkJI 4-JLq^i 4 j mijj ^IjViinVI ^-JLjeIJI - 

■ (. i rTitl 4-J aX 4 j miJJ (jr L>-l jJI 7L_iL*jJI ~ 
I Ju _J ( tc-lLsejJ I ^>-t£. I 3_ (J J ta>J I > j' r ~~' a ' (_jJJ I 4-a^.t-Lj I ^j-* 3 2 JlC Cj Uj"i i u a Jt^-_oJ 

.Ijuv <^cLl!I je_JL*l!Li jc_JL»lII 

S^-iLyTJI CjLa|jiie2<j/l ijr Jb La (i 
4_dLc ■» U . .. 4_a^o r *-l Ly-^ - (J J ' -^ "*- ' I - 

jlIjVi J^=Ji gJaS - 

.jLtlL « La 2 1 1 jLjIj aL*UI jj-ij h-'J^-'^' i—u J ifuJ "" 



iullllSJb-jJI 



£LulL£ul£u 



« LaJUl CjIjjI JLstJu ajLcl _ 
a vNl L^aJI SjJLc ->I>U J J* mi" - 

Sjj^ij 4JT(j£. 4Jj)"i i n a yrUin? ^ti>Ji HI J_i*j (_,jj| jiLuiVI (^^ La (0 
• (_yJ-> La ^_jj_jj AJ I i^£. TL-LljeTijI 4j| ^-i - *- 1 
aj-Lt-i^ 4jJl»3 CjLc.j_i.ua <LlH_C *-laJ9 CjLc.j_i-u ( _ ;r Ll Jji^^tl 4-ul^-i a) 
^5^ yJn^n i- i 1 1 n s clLIjij ** J ' " J ''* * 2 J i-^i-La d U , ,,1j i V'u ^j( ^j^— ' -\ « Cl^l t i*ii 1 1 Ct-t-uJ 

(Jjt (""ill 4_lLi£. ^j^. 5tjLdl jLulII <_ itt i ii I Ja LLiu J^>-_J 

Si_iL>iJ j^>- L^La » i i ^-> j jjPJl CjLJa^=xIj ( _ r A La ("\ 
2-iLaj LLus^aJ^I jl ,jj^~~ ' L i uJI Jljj^^s (_p-a 4^aL>- CjLlJ-l>. ^j-* 3 Te-iAjeTdl ^J*^*. » * i -^ ' 
.Aj^jJkJI uLajljjjJIj tiaLLai,! t ud M-liToJ I Jla oL-iuell <LLa_)lj 

$£il*2]l jL«4 g^U c_jLl^I La (V 

fa->J t Cj L - u j > JI fj-lj /aJJt»-j i^jUjuJuul\ J^— i ("ill LtjJ jLje^-VI (j^a 4 lil'creja flj-ll J^-JJ 

pajj «-a*^La ^jLa-iis (_JI tc-JLjlIII jLjej»-I pjjj i_3Jl^jj .oL-lijJI ^al",^— j < ilajljJI 2jLt,l 

4-ajj<_) ^Jua faJJJ * Virtll *_iis I j-a JJuu £ Cj^Liiull (Jl^~~ » i"(l i— S^LjiU i 4 U ("ill ioLa 

a i » I tt 1 1 - »■ t- , ,.t l 

.j-ajJI oljj^-ta c^J^*-* J-^JJ ^ t L > Ji jjj&jk! Ij-aj <_a^=l (A 

46 k 5 v 

J^Jj-^a <_^l«j C j LLuajJl A ) oL-LpJI oLa f-aJ tjruu ( A ) JjVl i_3jjJI • 
A* t 4 La i -j" a "I* - Y* < iLtui. Y£ - A ) CiL-ijaII («-==->■ 7"^JJ ( £*\ ) (<^J-1I • 



iulillSJb-jJI 



£LulL£ul£u 



i jJL^ U - Y i^jL E - T i la* ^ A - D ) j^»ji ^ jj^o ( k ) t^JI • 

.(la* jJLsZ 
lal'i^-itl JJS ^ o - <\ K ?t/i^-» A - >=t*JI iali^ajj^. 4-aoJLt.a u t->»j ( o) ^jJI • 

.( 

.U^jIjJ! SjU! £ji £_J=jj ( V )>p.Vl cilj^JI • 

.i_iL>iJ j-^=* jL ua »| ilajl^iis (j^a 4*ni<|\. j^ail (^ 



111 i/inil iLla^uJ J Jl^Tu Cj LlJ-l>J I j 2 i jJjLa 3 J La TL-djeTd 4 fl-Ui La a U 1 1 ^ i ^_3t* 

.j^kjsJJ (Jjial lj-*C (j «l ' ■-•*> J La-a ^H 3 S->La jc_LL3tlI 4j_jj9 <LLa_ilj_) j-==->- 

4_uLc 4-«aJLJ (jt-^- U J ' a "** ( Q -?- > "' 2^_ulj^3 CjLu-ls. 

4_JLc L^LlLLaj Lfcjuli 'LajULa _M^_« tl-lLtuJ LLuj^J VI CjLu-ta. 



£>£. Ml ,^A\I j .<* CjLt-LL^JI JJl*j] rLl*J V 4JLa I jj t«-k2JI IL^m 4jjJaJI ajLU jZ 

.jJLa jjst-J sj_pJI (JjJLa J-aLc Jaiel^l Jk. \ 
4 ^1^— " (j_a *-3^J La-d gll^— I" Zcj-uu £_ i. i j i r "ij L_aj i n'^ (Jlj-La J- 1 *- 3 * - (* J^Lj/I jJ 4J 2 

(jr JLc 4jJl*1!I £g.j i uJ (aj i>wt,l) SljVI l(j^-ijja^JJ ^^Jl 4^L_oXI 4 a mi^j-lC » Virttl (j-aj u-ll ui> *UJ 

. L^j <_1Jj_^jj (_ 3 oJ I 4^.^ i ii 1 1 

4 U i"itl *_a (jjj^a^illl (_Ll2 La £aL_u_a *_a* j_tc Jjj-ojJIj 4IsIjJkJI ^_ 1 o^— i tiJj_»jJI <LsLjj^a ja*J 
» la % 1 1 4_2Ja_La ^j-a ^_3t*Jl 7T_J^>- (j a ' '•*■" (_jJ-Jl 4^1 i nt,l j 4 1 1 i"i ll (J^als *-« 

[mm] L = l b +l wp +l a 



2uuLill3Jb->ll 4w > ^ j*a*U! 

.jc^L?^ ^Lti»-*J f- J-jJI J^9 4_ua^e£ t_Al La J^ail ( \ V 
I j"<Al ... j^ i«£-,f-,t|j StV) j >■>«■» 'a '--^J - 

■Cc-iilU ji iiiAII {jji s-j^o j-5ej>JI a I J La i a I A-uL^a-a! ,»Ji£. ^ t^—r.tl 

.^jJUeHJl JlIc <La}L<^i]| ilajljjis jj^ <* m<i-yj^3^| 01 

■ 4 jj^— >^3 /<u! i^JlII jJ^til ( 4JLl2.} \ sjj-i ) L$J 7*J) a i ii U ^J ir^iiitl <Ulj_i_u]| iSjJLA .3 

^^— ... ^ ^ 4j(inULLm a JuJall I J a JuJall, I ( _ ;r ic 4j^L^= S_oJL) SlLii-a LajJUl ^ji £ys > ^— I " (V 
(^yic S La j j-ua^a i " 1 1 ' uaJL I (jl ^j^a j 4 U Mill -S^>-J (*^J J- 1 *^*^ '^^J- 1 ^ ^U^ A5^J (j-* 3 J^=Lj ( t 

■ T t -L T CL O _aj>j 
.<U VI <J-aJU LaJtlc (jlijljjl (JjJ3 (jl Jl 4 It i"itl 7r U i n (jr^ i-i Lt - L L o j JJ-4-1 V ("\ 



SLull&ul&w 



GLOSSARY 



isy^l 


Lrl^ 


Abrasive 


i*=a\». SjU 


Alignment 


21 Ma* 


Arbor 


l94-" 


Arm bracket 


^li/i^-itl f-ljj 


Automatic 


lLLuLo^jjI 


Backlash 


O^ 


Basic hole system 


1- i7T(\\ (jj/L-ul ALkU 


Basic shaft system 


J>JjJJ(JI (jj/L-ul aLLU 


Bearing 


Jf*^ (jr^J-^ 3 _ obj- 5 (jr^J^ 3 


Bed 


U&* 


Belt 


^"< 


Flat 


^^ 


V 


<y-^ 


Blind hole 


JljJu-u <_jjj 


Block 


S >*J> 


V 


^tH^'jA; 


Bluntness 


^ 


Borax 


jIjjj < ^^=l Jj j 


Boring 


^3~ 


bar 


(_oj_jj>j j^c 


Counter 


/— 11 aJa-m| ^_piJ_^>iJ 


Tool 


lJl^S^i 


Burring 


JtjIjjJI <— <J J Ml" 


Carbide 


^J^> 
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^j^L>j| 


c^L^ 


Cemented 


C^J*^ 


Silicon 


&j£*Wll ^j^= 


tipped tool 


AjJljjj^s 4-qJiL <S$ 


carriage 


h>*- 


Cement 


aJL^V SjU i ed^f 


Centre 


^ ' i^J-* 


mark 


j^jil^M^ 


punch 


j_^=J_U (<ul*3 4_ljj 


centering 


s i^=J^ 


tool 


lj*=j^ Sot 


chain 


5JLJL. 


chamfer 


.J^ 


Change gears 


^f^L^-lP 


Chart 


ik^ 


chatter 


,<tl^-,t — 1 


Chip 


iA»b 


breaker 


(_pij|jj| *_LaJLa 


clamping 


^ 


bolts 


cLajj ^_<^aLcu^a 


Clasp nut 


<L)LiiJ 4jj^aL^> 


Clay 


J^ 


Clearance angle 


(_^3jJL>JI Ajjlj 


Closers 


u^^ 


clutch 


L)^^ 


Concentricity 


^=J^ 


Coolant 


^ 
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tS*iM 


c^L^ 


cooling 


^±>-^ 


Corundum 


fi^JJJ^ 3 


Counter borer 


(^yjljl-i i ril (ji^ita 


Counter boring 


u^±^ J^3^ 


Cutting 


*JaJ3 


Angle 


f V>7>\\ <ujlj 


Edge 


gJaliJI J^JI 


Dry 


( 3j-ua JiJJlJ ) i_aL»- *-la3 


force 


x_LaJiJI 2aj9 


tool 


Sju«JI i » UMI 2JlC 


Wet 


( -S^-a ) (JJ-J-« X-La.2 


Cylindrical grinder 


oUI^W i^>U 


Dial gauge 


r-j Jua ( _j*3jJLi (j-uLiS JJl^bjo 


Dividing head 


rfUU-uJJj (J-ulj 


Dovetailed groove 


lJj\Jn£. j^. 


Down milling 


(J-fl 1 ■■ » ^Jj_fljjl 


Draw -in- bolt 


c^jL^ 


dressing 


5^ 


Drill 


c^ ^UfU 


Bench 


<L>-j3 i_il ri'ia 


Centre 


*>^a>*Sr*^» 


Gang 


j^ycL^j*. e-sLSila 


Hand 


(_5jJlJ i_il ri'ia 


Radial 


i_3J i—iLaZLa 


Twist 


^^TlLo > > 1 2 '" 


Upright 


rtula ' . '1 SJLa 
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tS*iM 


c^L^ 


drilling 


^ 


spindle 


t ( 7Ti i I jij of 


Spot 


(^ J_L* t-l^J 


machine 


' ■ *" A ''*— - a i > ' 1 2 '" 


Drive 


^-ijJijJI jJ-Lta^a 


eccentric 


l£>^=>-V 


lathe 


4jj^=j_a V iLajJeja 


turning 


a^^j^ v ;lli> 


Electrolytic copper 


(^LjJjP^sJ! (j-Uo 


End face 


eJ>> 


End milling 


i^an^MJ^l 


cutter 


^J-k jd>^ 2 'J^ ' " 


Engagement 


J^ 


Erection 


Vrf^p 


Face plate 


*±*~ 


Facing 


4-uJL»- iLljJ.. 


Feather key 


(jjiloLc. j_jjL>- 


Feed 


S.JJU 


gears 


<UjJuJI (jjjjj3 


box 


AjJlsljJI iJJJ^ 3 


Felspar 


J L_UJ| 


Fine-pitch thread 


jo^ilj t_JjJ 


Finishing 


....u,v, 


tool 


....u.v» -^ 


Fit 


e'j-ol 


Class of 


Trlj-sj"^' aJLlL 
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i£«M 
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